
Message 

From: 

Sent: 
To: 

Subject: 

Baumgarten, Gary [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =E C8CCODF880C40B2BAB 700632534 703E-BA U MGARTE N, GARY] 

4/19/2017 6:18:29 PM 

Stokes, Janelle S CIV USARMY CESWF (US) [janelle.s.stokes@usace.army.mil] 

RE: Matagorda Ship Channel Feasibility Study - Recurring Resource Agency Meeting and First Meeting 

Announcement 

Riggs, Kevin J. <Kevin.Riggs@alcoa.com> 

-----original Message-----
From: Stokes, Janelle s CIV USARMY CESWF (US) [mailto:janelle.s.stokes@usace.army.mil] 
Sent: Wednesday, April 19, 2017 1:16 PM 
To: Baumgarten, Gary <baumgarten.gary@epa.gov> 
subject: RE: Matagorda ship channel Feasibility Study - Recurring Resource Agency Meeting and First 
Meeting Announcement 

Gary, could you please send me Kevin Riggs email address? 

Janelle Stokes 
Regional Technical Specialist 
Environmental Compliance Branch, Coastal Section Regional Planning and Environmental Center U.S. Army 
Corps of Engineers 
2000 Fort Point Road 
Galveston, Texas 77550 
409/766-3039 
Webinar address 
http://www.webmeeting.att.com 
call in and web meeting number 866-434-5269 
Access code 8362189 
Security code 1234 

-----original Message-----
From: Baumgarten, Gary [mailto:baumgarten.gary@epa.gov] 
Sent: Monday, April 03, 2017 12:31 PM 
To: Stokes, Janelle s CIV USARMY CESWF (US) <janelle.s.stokes@usace.army.mil> 
Subject: [Non-DoD Source] RE: Matagorda Ship Channel Feasibility Study - Recurring Resource Agency 
Meeting and First Meeting Announcement 

Hi Janelle, 

I wanted to let you know that Kevin Riggs with Alcoa will be attending the meeting on the 25th. Kevin 
works at the Alcoa Point Comfort Operations facility. 

Besides the update on the Superfund project, are there other agenda topics you plan to cover during the 
meeting? 

To help in putting together a presentation about the Superfund site, were you envisioning about a 30-40 
minute presentation? 
I don't want to bore people with too much information. 

Feel free to give me a call to talk more about what you would like to see presented. 

Thanks, 
Gary 

-----original Message-----
From: Stokes, Janelle s CIV USARMY CESWF (US) [mailto:janelle.s.stokes@usace.army.mil] 
Sent: Monday, March 20, 2017 11:20 AM 
To: Aaron Chastain - NOAA Affiliate <aaron.chastain@noaa.gov>; Burks-Copes, Kelly A CIV USARMY CESWF (US) 
<Kelly.A.Burks-Copes@usace.army.mil>; Hausmann, Charles <crh@calhounport.com>; Roco, Coleen 
<Colleen.Roco@tpwd.texas.gov>; Knuckey, David <dmk@calhounport.com>; Anderson, Donna 
<donna_anderson@fws.gov>; Fontenot, Alison <Fontenot.Alison@epa.gov>; Baumgarten, Gary 
<baumgarten.gary@epa.gov>; Franks, Jessica <Franks.Jessica@epa.gov>; Keeler, Barbara 
<Keeler.Barbara@epa.gov>; Martinez, Maria <Martinez.Maria@epa.gov>; Mahoney, Matthew 
<matthew.mahoney@txdot.gov>; Kaspar, Paul <kaspar.paul@epa.gov>; Peter Schaefer 
(Peter.schaefer@tceq.texas.gov) <Peter.schaefer@tceq.texas.gov>; Swafford, Rusty 
<rusty.swafford@noaa.gov>; Alford, Scott <scott.alford@tx.usda.gov>; Skalbeck, Kathryn A (Kathy) CIV 
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USARMY CESWF (US) <Kathryn.A.SKALBECK@usace.army.mil>; Willey, Sheridan s (Sheri) CIV USARMY CESWG (US) 
<Sheridan.S.Willey@usace.army.mil> 
subject: Matagorda ship channel Feasibility Study - Recurring Resource Agency Meeting and First Meeting 
Announcement 

Good morning! 

Thank-you all for responding to the Google poll. As always, we can't accommodate everyone's schedule, 
but it appears that the afternoon of the fourth Tuesday of every month is best for most. 

our first meeting will be held on April 25, from 1:00-3:30, in Conf Room 120 here in the Galveston 
District office. Gary Baumgarten, from EPA's Contaminated sediments Technical Advisory Group, has agreed 
to come and brief us on the Alcoa Superfund site and remediation status. He has also arranged to bring 
an Alcoa representative who is involved in the actual work. our goal for this meeting is to obtain a 
broad understanding of the work accomplished to date (including previous sampling and testing events), 
current status of the mercury contamination in the bay, and discuss what still needs to be done. 

For those wishing to call-in, a webmeeting will be available. Please see my signature block below for 
the call-in and log-in information. If you plan on attending in person, please let me know a day or two 
ahead of time. I need to give the guards at the gate a list of attendees. 

Jan 

Janelle Stokes 
Regional Technical Specialist 
Environmental Compliance Branch, Coastal Section Regional Planning and Environmental Center U.S. Army 
Corps of Engineers 
2000 Fort Point Road 
Galveston, Texas 77550 
409/766-3039 
Webinar address 
Blockedhttp://www.webmeeting.att.com 
call in and web meeting number 866-434-5269 
Access code 8362189 
Security code 1234 
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Message 

From: 

Sent: 
To: 
Subject: 

Gary/Kevin, 

Stokes, Janelle S CIV USARMY CESWF (US) [janelle.s.stokes@usace.army.mil] 
4/19/2017 6:32:38 PM 
Kevin.Riggs@alcoa.com; Baumgarten, Gary [baumgarten.gary@epa.gov] 
Matagorda Ship Channel Resource Agency Meeting - directions 

Thank-you for agreeing to attend our meeting and to discuss the Superfund site with the agencies. In 
case you haven't been here before, here are some very brief directions. 

Cross the bay coming south on Interstate 45, and follow the freeway until it ends and becomes Broadway, a 
large esplanaded roadway. Follow Broadway to the northeast, until it ends at Seawall blvd. You will be 
looking straight ahead at a McDonalds with the beach and Gulf behind it. Take a left at the light onto 
Seawall blvd - Go to the 2nd light and make a left onto Ferry Road. Follow Ferry Road for several 
blocks, and turn right at the second light (and convenience store). This road leads into the government 
reservation. Before you get to the end of the road, you will see a guard shack on the left. This is the 
entrance to the Corps facility, and you will see a large, several story white stucco and glass building 
that is our headquarters. You will need to provide a picture ID to the guard; they will check their 
attendee list for the meeting and call me to come escort you into the building. 

Looking forward to meeting you both! If you have any further questions, just drop me a note. 

Jan 

Janelle Stokes 
Regional Technical Specialist 
Environmental Compliance Branch, Coastal Section 
Regional Planning and Environmental Center 
U.S. Army Corps of Engineers 
2000 Fort Point Road 
Galveston, Texas 77550 
409/766-3039 
Webinar address 
http://www.webmeeting.att.com 
call in and web meeting number 866-434-5269 
Access code 8362189 
Security code 1234 
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Message 

From: 

Sent: 
To: 

CC: 

Subject: 

Clark, David S CIV USARMY CESWF (US) [David.S.Clark@usace.army.mil] 

4/28/2017 6:20:30 PM 
Roco, Coleen [Colleen.Roco@tpwd.texas.gov]; Anderson, Donna [donna_anderson@fws.gov]; Fontenot, Alison 
[Fontenot.Alison@epa.gov]; Franks, Jessica [Franks.Jessica@epa.gov]; Keeler, Barbara [Keeler.Barbara@epa.gov]; 
Martinez, Maria [Martinez.Maria@epa.gov]; Mahoney, Matthew [matthew.mahoney@txdot.gov]; Kaspar, Paul 
[kaspar.paul@epa.gov]; Peter Schaefer (Peter.Schaefer@tceq.texas.gov) [Peter.Schaefer@tceq.texas.gov]; Swafford, 
Rusty [rusty.swafford@noaa.gov]; Alford, Scott [scott.alford@tx.usda.gov]; Aaron Chastain - NOAA Affiliate 

[aaron.chastain@noaa.gov] 
Burks-Copes, Kelly A CIV USARMY CESWF (US) [Kelly.A.Burks-Copes@usace.army.mil];Hausmann, Charles 
[crh@calhounport.com]; Knuckey, David [dmk@calhounport.com]; Baumgarten, Gary [baumgarten.gary@epa.gov]; 
Willey, Sheridan S (Sheri) CIV USARMY CESWG (US) [Sheridan.S.Willey@usace.army.mil];Skalbeck, Kathryn A (Kathy) 
CIV USARMY CESWF (US) [Kathryn.A.SKALBECK@usace.army.mil];Stokes, Janelle S CIV USARMY CESWF (US) 

uanelle.s.stokes@usace.army.mil] 
Matagorda Ship Channel/ Alcoa NPL Site Documents (UNCLASSIFIED) 

CLASSIFICATION: UNCLASSIFIED 

Hello, 

Thank you all for attending, either in person or by phone, the Matagorda I Alcoa meeting on Tuesday in 
Galveston. I will be sending along three documents concerning the Alcoa site for your perusal: the Record 
of Decision, the first Five Year Review dated 2011, and the most recent Five Year Review dated 2016. 
Since the file sizes are so large, I'll be sending these documents via AMRDEC, which is a secure file 
sharing system for large documents. You will receive an email shortly with instructions on downloading 
these files. If you have any trouble getting the files from AMRDEC, let me know and I'll either try 
again, or we can figure out some other delivery method. 

Thank you! 

David 

David s. Clark 
Munitions and Environmental Restoration Section 
Regional Planning and Environmental Center 
CESWF-PEC-TM 
U.S. Army Corps of Engineers 
Fort Worth District 
(817) 886-1876 

CLASSIFICATION: UNCLASSIFIED 

ED_013073_00000003-00001 



Message 

From: 

Sent: 
To: 
Subject: 

Gary 

Stokes, Janelle S CIV USARMY CESWF (US) [janelle.s.stokes@usace.army.mil] 
4/5/2017 11:05:29 PM 
Baumgarten, Gary [baumgarten.gary@epa.gov] 
RE: Matagorda Ship Channel Feasibility Study - Recurring Resource Agency Meeting and First Meeting 
Announcement 

so sorry it has taken me so long to reply. Yes, a 30 to 40 minutes presentation will be fine. That 
will leave time for questions. This is going to be the major topic, but I will probably make a brief 
presentation on the range of alternatives we will be evaluating for the study at the beginning of the 
meeting, followed by your presentation, and end with topic for the next monthly meeting. I believe we 
have set aside two hours, but if we don't take that much time, that would be fine. 

I will try to give you a call in the next couple of days. Tomorrow is looking really full, so it will 
probably be Friday, unless you do not plan to be in the office then. Just let me know. 

Jan 

-----original Message-----
From: Baumgarten, Gary [mailto:baumgarten.gary@epa.gov] 
Sent: Monday, April 03, 2017 12:31 PM 
To: Stokes, Janelle s CIV USARMY CESWF (US) <janelle.s.stokes@usace.army.mil> 
Subject: [Non-DoD Source] RE: Matagorda Ship Channel Feasibility Study - Recurring Resource Agency 
Meeting and First Meeting Announcement 

Hi Janelle, 

I wanted to let you know that Kevin Riggs with Alcoa will be attending the meeting on the 25th. Kevin 
works at the Alcoa Point Comfort Operations facility. 

Besides the update on the Superfund project, are there other agenda topics you plan to cover during the 
meeting? 

To help in putting together a presentation about the Superfund site, were you envisioning about a 30-40 
minute presentation? 
I don't want to bore people with too much information. 

Feel free to give me a call to talk more about what you would like to see presented. 

Thanks, 
Gary 

-----original Message-----
From: Stokes, Janelle s CIV USARMY CESWF (US) [mailto:janelle.s.stokes@usace.army.mil] 
Sent: Monday, March 20, 2017 11:20 AM 
To: Aaron Chastain - NOAA Affiliate <aaron.chastain@noaa.gov>; Burks-Copes, Kelly A CIV USARMY CESWF (US) 
<Kelly.A.Burks-Copes@usace.army.mil>; Hausmann, Charles <crh@calhounport.com>; Roco, Coleen 
<Colleen.Roco@tpwd.texas.gov>; Knuckey, David <dmk@calhounport.com>; Anderson, Donna 
<donna_anderson@fws.gov>; Fontenot, Alison <Fontenot.Alison@epa.gov>; Baumgarten, Gary 
<baumgarten.gary@epa.gov>; Franks, Jessica <Franks.Jessica@epa.gov>; Keeler, Barbara 
<Keeler.Barbara@epa.gov>; Martinez, Maria <Martinez.Maria@epa.gov>; Mahoney, Matthew 
<matthew.mahoney@txdot.gov>; Kaspar, Paul <kaspar.paul@epa.gov>; Peter Schaefer 
(Peter.schaefer@tceq.texas.gov) <Peter.schaefer@tceq.texas.gov>; Swafford, Rusty 
<rusty.swafford@noaa.gov>; Alford, Scott <scott.alford@tx.usda.gov>; Skalbeck, Kathryn A (Kathy) CIV 
USARMY CESWF (US) <Kathryn.A.SKALBECK@usace.army.mil>; Willey, Sheridan s (Sheri) CIV USARMY CESWG (US) 
<Sheridan.S.Willey@usace.army.mil> 
subject: Matagorda ship channel Feasibility Study - Recurring Resource Agency Meeting and First Meeting 
Announcement 

Good morning! 

Thank-you all for responding to the Google poll. As always, we can't accommodate everyone's schedule, 
but it appears that the afternoon of the fourth Tuesday of every month is best for most. 

our first meeting will be held on April 25, from 1:00-3:30, in Conf Room 120 here in the Galveston 
District office. Gary Baumgarten, from EPA's Contaminated sediments Technical Advisory Group, has agreed 
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to come and brief us on the Alcoa Superfund site and remediation status. He has also arranged to bring 
an Alcoa representative who is involved in the actual work. our goal for this meeting is to obtain a 
broad understanding of the work accomplished to date (including previous sampling and testing events), 
current status of the mercury contamination in the bay, and discuss what still needs to be done. 

For those wishing to call-in, a webmeeting will be available. Please see my signature block below for 
the call-in and log-in information. If you plan on attending in person, please let me know a day or two 
ahead of time. I need to give the guards at the gate a list of attendees. 

Jan 

Janelle Stokes 
Regional Technical Specialist 
Environmental Compliance Branch, Coastal Section Regional Planning and Environmental Center U.S. Army 
Corps of Engineers 
2000 Fort Point Road 
Galveston, Texas 77550 
409/766-3039 
Webinar address 
Blockedhttp://www.webmeeting.att.com 
call in and web meeting number 866-434-5269 
Access code 8362189 
Security code 1234 
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Message 

From: 

Sent: 
To: 
Subject: 

Stokes, Janelle S CIV USARMY CESWF (US) [janelle.s.stokes@usace.army.mil] 
4/19/2017 6:16:21 PM 
Baumgarten, Gary [baumgarten.gary@epa.gov] 
RE: Matagorda Ship Channel Feasibility Study - Recurring Resource Agency Meeting and First Meeting 
Announcement 

Gary, could you please send me Kevin Riggs email address? 

Janelle Stokes 
Regional Technical Specialist 
Environmental Compliance Branch, Coastal Section 
Regional Planning and Environmental Center 
U.S. Army Corps of Engineers 
2000 Fort Point Road 
Galveston, Texas 77550 
409/766-3039 
Webinar address 
http://www.webmeeting.att.com 
call in and web meeting number 866-434-5269 
Access code 8362189 
Security code 1234 

-----original Message-----
From: Baumgarten, Gary [mailto:baumgarten.gary@epa.gov] 
Sent: Monday, April 03, 2017 12:31 PM 
To: Stokes, Janelle s CIV USARMY CESWF (US) <janelle.s.stokes@usace.army.mil> 
Subject: [Non-DoD Source] RE: Matagorda Ship Channel Feasibility Study - Recurring Resource Agency 
Meeting and First Meeting Announcement 

Hi Janelle, 

I wanted to let you know that Kevin Riggs with Alcoa will be attending the meeting on the 25th. Kevin 
works at the Alcoa Point Comfort Operations facility. 

Besides the update on the Superfund project, are there other agenda topics you plan to cover during the 
meeting? 

To help in putting together a presentation about the Superfund site, were you envisioning about a 30-40 
minute presentation? 
I don't want to bore people with too much information. 

Feel free to give me a call to talk more about what you would like to see presented. 

Thanks, 
Gary 

-----original Message-----
From: Stokes, Janelle s CIV USARMY CESWF (US) [mailto:janelle.s.stokes@usace.army.mil] 
Sent: Monday, March 20, 2017 11:20 AM 
To: Aaron Chastain - NOAA Affiliate <aaron.chastain@noaa.gov>; Burks-Copes, Kelly A CIV USARMY CESWF (US) 
<Kelly.A.Burks-Copes@usace.army.mil>; Hausmann, Charles <crh@calhounport.com>; Roco, Coleen 
<Colleen.Roco@tpwd.texas.gov>; Knuckey, David <dmk@calhounport.com>; Anderson, Donna 
<donna_anderson@fws.gov>; Fontenot, Alison <Fontenot.Alison@epa.gov>; Baumgarten, Gary 
<baumgarten.gary@epa.gov>; Franks, Jessica <Franks.Jessica@epa.gov>; Keeler, Barbara 
<Keeler.Barbara@epa.gov>; Martinez, Maria <Martinez.Maria@epa.gov>; Mahoney, Matthew 
<matthew.mahoney@txdot.gov>; Kaspar, Paul <kaspar.paul@epa.gov>; Peter Schaefer 
(Peter.schaefer@tceq.texas.gov) <Peter.schaefer@tceq.texas.gov>; Swafford, Rusty 
<rusty.swafford@noaa.gov>; Alford, Scott <scott.alford@tx.usda.gov>; Skalbeck, Kathryn A (Kathy) CIV 
USARMY CESWF (US) <Kathryn.A.SKALBECK@usace.army.mil>; Willey, Sheridan s (Sheri) CIV USARMY CESWG (US) 
<Sheridan.S.Willey@usace.army.mil> 
subject: Matagorda ship channel Feasibility Study - Recurring Resource Agency Meeting and First Meeting 
Announcement 

Good morning! 

Thank-you all for responding to the Google poll. As always, we can't accommodate everyone's schedule, 
but it appears that the afternoon of the fourth Tuesday of every month is best for most. 
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our first meeting will be held on April 25, from 1:00-3:30, in Conf Room 120 here in the Galveston 
District office. Gary Baumgarten, from EPA's Contaminated sediments Technical Advisory Group, has agreed 
to come and brief us on the Alcoa Superfund site and remediation status. He has also arranged to bring 
an Alcoa representative who is involved in the actual work. our goal for this meeting is to obtain a 
broad understanding of the work accomplished to date (including previous sampling and testing events), 
current status of the mercury contamination in the bay, and discuss what still needs to be done. 

For those wishing to call-in, a webmeeting will be available. Please see my signature block below for 
the call-in and log-in information. If you plan on attending in person, please let me know a day or two 
ahead of time. I need to give the guards at the gate a list of attendees. 

Jan 

Janelle Stokes 
Regional Technical Specialist 
Environmental Compliance Branch, Coastal Section Regional Planning and Environmental Center U.S. Army 
Corps of Engineers 
2000 Fort Point Road 
Galveston, Texas 77550 
409/766-3039 
Webinar address 
Blockedhttp://www.webmeeting.att.com 
call in and web meeting number 866-434-5269 
Access code 8362189 
Security code 1234 

ED_013073_00000005-00002 



Message 

From: 

Sent: 
To: 

Subject: 
Attachments: 

Stokes, Janelle S CIV USARMY CESWF (US) [janelle.s.stokes@usace.army.mil] 

4/19/2017 6:21:54 PM 
Kevin.Riggs@alcoa.com; Aaron Chastain - NOAA Affiliate [aaron.chastain@noaa.gov]; Burks-Copes, Kelly A CIV 
USARMY CESWF (US) [Kelly.A.Burks-Copes@usace.army.mil];Hausmann, Charles [crh@calhounport.com]; Roco, 
Coleen [Colleen.Roco@tpwd.texas.gov]; Knuckey, David [dmk@calhounport.com]; Anderson, Donna 
[donna_anderson@fws.gov]; Fontenot, Alison [Fontenot.Alison@epa.gov]; Baumgarten, Gary 
[baumgarten.gary@epa.gov]; Franks, Jessica [Franks.Jessica@epa.gov]; Keeler, Barbara [Keeler.Barbara@epa.gov]; 
Martinez, Maria [Martinez.Maria@epa.gov]; Mahoney, Matthew [matthew.mahoney@txdot.gov]; Kaspar, Paul 
[kaspar.paul@epa.gov]; Peter Schaefer (Peter.Schaefer@tceq.texas.gov) [Peter.Schaefer@tceq.texas.gov]; Swafford, 
Rusty [rusty.swafford@noaa.gov]; Alford, Scott [scott.alford@tx.usda.gov]; Skalbeck, Kathryn A (Kathy) CIV USARMY 
CESWF (US) [Kathryn.A.SKALBECK@usace.army.mil];Willey, Sheridan S (Sheri) CIV USARMY CESWG (US) 
[Sheridan.S.Willey@usace.army.mil] 
Reminder: Matagorda Ship Channel Resource Agency Meeting, 25 Apr 2017 
AGEN DA_Agency _meeting 4-25-17 .docx 

Afternoon, everyone, 

Attached is the agenda for our first Matagorda ship channel resource agency meeting. It is scheduled for 
next Tuesday afternoon (25 Apr) from 1:00 to 3:00 in room 120 at the Galveston District office, 2000 Fort 
Point Road, Galveston, Texas. 

If you plan to attend in person, please let me know so I can let the guards know you are coming. We will 
also be conducting a web-meeting. Please refer to the signature block below for the call and log-in 
information. 

Looking forward to talking with everyone! 

Jan 

Janelle Stokes 
Regional Technical Specialist 
Environmental Compliance Branch, Coastal Section 
Regional Planning and Environmental Center 
U.S. Army Corps of Engineers 
2000 Fort Point Road 
Galveston, Texas 77550 
409/766-3039 
Webinar address 
http://www.webmeeting.att.com 
call in and web meeting number 866-434-5269 
Access code 8362189 
Security code 1234 

ED_013073_00000006-00001 



AGENDA 

Matagorda Ship Channel Feasibility Study 

Resource Agency Meeting #1 

25 April 2017, 1:00 - 3:00 PM, USACE Galveston District Room 120 

1. Introduction of meeting attendees 

2. Introduction to feasibility study purpose, scope and schedule 

3. Alcoa Superfund site presentation/discussion 

4. Next steps/next meeting 

ED_013073_00000007-00001 

J Stokes, USACE 

J Stokes, USACE 

G. Baumgarten, EPA 

K. Riggs, Alcoa 

J. Stokes, USACE 



Message 

From: 

Sent: 
To: 

Stokes, Janelle S CIV USARMY CESWF (US) [janelle.s.stokes@usace.army.mil] 

4/25/2017 4:21:35 PM 
Aaron Chastain - NOAA Affiliate [aaron.chastain@noaa.gov]; Burks-Copes, Kelly A CIV USARMY CESWF (US) 
[Kelly.A.Burks-Copes@usace.army.mil]; Hausmann, Charles [crh@calhounport.com]; Clark, David S CIV USARMY 

CESWF (US) [David.S.Clark@usace.army.mil]; Roco, Coleen [Colleen.Roco@tpwd.texas.gov]; Knuckey, David 
[dmk@calhounport.com]; Anderson, Donna [donna_anderson@fws.gov]; Fontenot, Alison 
[Fontenot.Alison@epa.gov]; Baumgarten, Gary [baumgarten.gary@epa.gov]; Franks, Jessica 
[Franks.Jessica@epa.gov]; Keeler, Barbara [Keeler.Barbara@epa.gov]; Martinez, Maria [Martinez.Maria@epa.gov]; 

Mahoney, Matthew [matthew.mahoney@txdot.gov]; Kaspar, Paul [kaspar.paul@epa.gov]; Peter Schaefer 
(Peter.Schaefer@tceq.texas.gov) [Peter.Schaefer@tceq.texas.gov]; Swafford, Rusty [rusty.swafford@noaa.gov]; 

Alford, Scott [scott.alford@tx.usda.gov]; Skalbeck, Kathryn A (Kathy) CIV USARMY CESWF (US) 
[Kathryn.A.SKALBECK@usace.army.mil];Willey, Sheridan S (Sheri) CIV USARMY CESWG (US) 
[Sheridan.S.Willey@usace.army.mil] 

Subject: Matagorda Feas Study Resource Agency Meeting - Reminder and Presentations 
Attachments: AGENDA_Agency_meeting 4-25-17.docx; MSC_ResAgMtg 1_Presentation2.pptx 

All, 

Just a quick reminder that our meeting is today at 1:00. call and web meeting information is below. 
Attached is the presentation I will be talking from today. The EPA presentation is too large to email. 
I'll send it via AMRDEC after the meeting. 

Jan 

Janelle Stokes 
Regional Technical Specialist 
Environmental Compliance Branch, Coastal Section 
Regional Planning and Environmental Center 
U.S. Army Corps of Engineers 
2000 Fort Point Road 
Galveston, Texas 77550 
409/766-3039 
Webinar address 
http://www.webmeeting.att.com 
call in and web meeting number 866-434-5269 
Access code 8362189 
Security code 1234 
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AGENDA 

Matagorda Ship Channel Feasibility Study 

Resource Agency Meeting #1 

25 April 2017, 1:00 - 3:00 PM, USACE Galveston District Room 120 

1. Introduction of meeting attendees 

2. Introduction to feasibility study purpose, scope and schedule 

3. Alcoa Superfund site presentation/discussion 

4. Next steps/next meeting 
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J Stokes, USACE 

J Stokes, USACE 

G. Baumgarten, EPA 

K. Riggs, Alcoa 

J. Stokes, USACE 
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NON-FEDERAL SPONSOR 

PORT OF PORT LAVACA - POINT COMFORT 

Charles Hausmann i Director, Calhoun Port Authority1 CPA 

David Knuckey1 Director Engineering Servicesj CPA 
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PURPOSE AND NEED 

• Evaluate need for improvements to 
existing Matagorda Ship Channel 

• No major improvements since original 
construction 

• Significant increase in size of vessels 

• Increase in channel users 

o Local industrial plants: Alcoa World 
Alumina, L.L.C. (Alcoa), INEOS Nitriles, 
Formosa Plastics Corporation (Formosa), 
lnvista, and J.R. Simplot 

o Crude oil/condensate users (since 2015): 
Northstar Midstream, NGL Energy 
Partners and Arrowhead Offshore Pipeline 

• Proximity to Eagle Ford Shale has 
increased need for nearby port 

Existing channel designed for vessels with loaded drafts of less than 38 feet Mean Lower Low Water (MLLW) limits 
transportation efficiency 

Larger vessels are light loaded (majority of traffic is export 
Narrow channel (200-foot bottom width) - too narrow for existing vessel fleet 

Delays due to one-way restriction for ocean-going vessels 

Vessel 600 feet LOA are restricted to daylight only transit 

Turning basin (1,000 feet by 1,000 feet) limits size of vessel which can call on the port facilities 

High shoaling rates 
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Existing Channel 
Dimensions 

Entrance Channel 
4 mi x 40 ft. deep 

(MLLW) x 300 ft. wide 

Bay Reach 
22 mil x 38 ft. deep x 

200 ft. wide 

STUDY AREA 
\. 

>. 

Matagorda Bay lies in Calhoun and Matagorda Counties. Port facilities serving ocean-going vessels were built in the early 
1960s. USACE completed construction of the existing channel in 1965. 
The channel totals about 26 miles in length. 
The Entrance channel is about 4 mi long, with a land cut through the Matagorda Peninsula. It is 40 ft. deep (MLLW) with a 300 
foot bottom width. 
The bay reach is about 22 miles long, and 38 feet deep with a 200-ft bottom width. 

Mean depth of Matagorda bay is 13 ft., and 7-8 ft. deep in adjacent bays. 
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EXISTING PORT COMFORT TURNING BASIN :: 

The primary turning basin is located at Port Comfort in Lavaca Bay (1000 x 1000 ft. with a 1279 foot extension along the north 
and south sides of the pier. 
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EXISTING PLACEMENT AREAS 
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STUDY MILESTONES 

Milestone Date 

Execute FCSA with Calhoun 
Aug 2016\A) 

°' Port Authority 
t: ·a 

Notice of Intent to File an EIS Dec 2016 (A) 0 
u 
VJ 

Scoping Meeting Jan 2017 (A) 

'O Alternatives Milestone Feb 2017 .. c: 
> OS <II 
z a·;;; Tentatively Selected Plan E;~ Jan 2018 
QI OS C: (TSP) Milestone 

::!:::: -= <( 
<( ~ 

Draft Report for Reviews Mar 2018 w 

<II Agency Decision Milestone 
Jul2018 

-~ (ADM) 
iij 
t: Feasibility Report Complete Feb 2019 <( 

Gi a; Civil Works Review Board 
Apr 2019 ..J (CWRB) 

~ 
:c S&AReview May 2019 
'iii 
OS .. 

Chief's Report Jul2019 IL 
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1962 

2006 

2007 

2007 

2009 

2011 

2013 

2014 

2014 

PRIOR APPLICABLE STUDIES AND REPORTS 
Design Memorandums No.1-3. USAGE Galveston District. 

Matagorda Ship Channel, Texas: Jetty Stability Study. US Army Corps of 

Engineers (USAGE). 

Morphologic Examination of the Stability of Pass Cavallo, Texas. USCAE. 

Matagorda Ship Channel Improvement Project, Point Comfort, Texas -

Hydrodynamic and Salinity Model/Sediment Study. Moffatt & Nichol. 

Matagorda Ship Channel Improvement Project, Point Comfort, Texas - Final 

Environmental Impact Statement for Dept of Army Permit SWG-2006-00092. 

PBS&J (includes Oyster Evaluation & New Work ODMDS site analysis) 

Analysis of Dredged Material Placement Alternatives for Bottleneck Removal, 

Matagorda Ship Channel, Texas. USAGE. 

Regional Sediment Management Studies of Matagorda Ship Chanel and 

Matagorda Bay System, Texas. USAGE 

Proposed Deepening and Widening of the Matagorda Ship Channel, Texas -A 

Ship Maneuvering Simulation Study. MITAGS. 

Draft Section 204(f) Assumption of Maintenance Report. URS. 

US Army Corps 
of Eogineers. 

Time and Cost Savings Opportunities exist because of recent studies by USACE, Sponsor, and others 
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SIGNIFICANT RESOURCES 

111 Estuarine Bays 
o Matagorda 
o Keller 
oCox 
o Lavaca 

111 Estuarine Marsh 
o Powderhorn Lake 

area 
111 Oyster Reef 

o Lavaca and 
Matagorda Bays 
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111 Chester Island 
111 Threatened & 

Endangered Species 
o Sea turtles 

• Cultural 
o Indianola townsite 

111 Recreational 
o West Matagorda Bay 

Shoreline 

US Army Corps 
of Eogineers. 



SCOPING INPUT 

Public Scoping Meeting - January 24, 2017 in Port Lavaca 

• Local industry and government generally support channel improvements 

Environmental Needs 

• Potential beneficial use of dredged material 

o protect Sand Point/Keller Bay shoreline 

o Protect west Matagorda Bay shoreline protection 

o Restore estuarine wetlands in Powderhorn Lake area 

• Nourish or construct bird islands; in particular, Chester Island 

Concerns 

• Potential for channel modifications to spread mercury contamination in the bay 
(resource agencies/residents) 

• Potential for vessel wakes/increased vessel traffic to increase erosion of western 
Matagorda Bay shoreline between Alamo Beach and Port O'Connor 

• Opposition to use of sediments on shoreline (adversely affects view or property 
values (residents) and impacts shell beach) 

• Potential that channel modifications may result in closure of Pass Cavallo 

• Potential impacts to fishing shacks in peninsula placement are 

US Army Corps 
of Eogineers . 

. Notice of Intent - 23 December 2016 
Scoping Meeting - 24 January 2017 in Port Lavaca 
Scoping Period ends 13 February 2017 
Cooperating Agencies 
NMFS 
TPWD 
TxDOT 
None explicitly declined 
Coordination Act Reports - draft and final 
USFWS agreement nearing final 
Project Website for Public Access 
http://www.swg.usace.army.mil/Business-With-Us/Planning-Environmental-Branch/Matagorda-Ship-Channel-Feasibility-Study/ 
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FINAL ARRAY OF ALTERNATIVES 

Channel Modifications 
• Economic analysis (deepening range from 38 feet to 48 feet MLLW I 

widening range from 300 feet to 400 feet - all combinations of 
above) 

• Environmental Analysis for EIS (48 ft deep MLLW x 400 ft width (bay) 
• Vessel passing lanes 
• Turning basin improvement - including relocation if necessary to 

allow for adequate size 
• Nonstructural (split deliveries/lightering; use of tides; tug assist, etc.) 

Dredged Material Management Plan 
Develop plan for placement of dredged material 

~ Existing unconfined/partially confined bay placement areas 
~ New upland placement area 
~ Analysis offeasible beneficial use alternatives from 2009 EIS (i.e. 

Chester Island nourishment, shoreline stabilization marsh 
restoration) 

US Army Corps 
of Eogineers. 

TSP will not be selected until just before EIS is scheduled for completion, so impacts analysis will be based on plan with greatest 
potential impact 
EIS will evaluate impacts of largest potential plan 
Bay reach - 48 ft. mllw and 400 bottom width; Entrance channel 600 foot bottom width and 50 ft. depth and new turning basin 
1600 ft. square 
(More likely plan identified in 2014 assumption of main report - 45 ft. x 350 ft. bay; 47 ft. by 600 ft. offshore) 

Variety of placement options will be evaluated -starting with list from 2009 EIS but this analysis will identify least cost disposal 
plan; BU may or may not be identified as least cost 
evaluating feasibility of each/screening out those that have engineering feasibility concerns or very high costs 
EIS will assume that same upland placement area will be required that was identified in 2009 EIS 

Mitigation plan will be developed for channel widening/deepening impacts and upland placement impacts 

Selected Beneficial use areas will have to minimize impacts and have more than enough benefits to offset minor impacts 
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DETAILED SCHEDULE TO TSP 

Alternatives Analysis/Prelim Design Apr-Sep 2017 

Env Impacts/Mitigation Analysis Apr-Sep 2017 

Complete Draft EIS Jan 2018 

Tentatively Selected Plan Milestone Jan 2018 

Release of DIFR-EIS for public review Mar 2018 
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NEXT STEP 

Next meeting - May 23, 2017J 1 :00-3:00, Galveston District 

Tentative Agenda 

" identify resources impacted by potential channel 
improvements 

• HEP Modeling for impacts and Mitigation Analysis -
selection of species models 

ED_013073_00000010-00013 
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Message 

From: 

Sent: 
To: 

Stokes, Janelle S CIV USARMY CESWF (US) [janelle.s.stokes@usace.army.mil] 

5/23/2017 9:03:02 PM 
Aaron Chastain - NOAA Affiliate [aaron.chastain@noaa.gov]; Burks-Copes, Kelly A CIV USARMY CESWF (US) 
[Kelly.A.Burks-Copes@usace.army.mil]; Hausmann, Charles [crh@calhounport.com]; Clark, David S CIV USARMY 

CESWF (US) [David.S.Clark@usace.army.mil]; Roco, Coleen [Colleen.Roco@tpwd.texas.gov]; Knuckey, David 
[dmk@calhounport.com]; Anderson, Donna [donna_anderson@fws.gov]; Fontenot, Alison 
[Fontenot.Alison@epa.gov]; Baumgarten, Gary [baumgarten.gary@epa.gov]; Franks, Jessica 
[Franks.Jessica@epa.gov]; Keeler, Barbara [Keeler.Barbara@epa.gov]; Martinez, Maria [Martinez.Maria@epa.gov]; 

Mahoney, Matthew [matthew.mahoney@txdot.gov]; Kaspar, Paul [kaspar.paul@epa.gov]; Peter Schaefer 
(Peter.Schaefer@tceq.texas.gov) [Peter.Schaefer@tceq.texas.gov]; Swafford, Rusty [rusty.swafford@noaa.gov]; 

Alford, Scott [scott.alford@tx.usda.gov]; Skalbeck, Kathryn A (Kathy) CIV USARMY CESWF (US) 
[Kathryn.A.SKALBECK@usace.army.mil];Willey, Sheridan S (Sheri) CIV USARMY CESWG (US) 
[Sheridan.S.Willey@usace.army.mil] 

Subject: FW: Matagorda Ship Channel - recap from today and materials for next meeting 
Attachments: Final DraftRSM 1-18-2016 for PDT addressing all comments to date - Copy.pdf; 2013 RSM Upper MSC2.pdf 

All, 

Thanks to all of you who participated in today's meeting. We agreed on the HEP species models that will 
be used to quantify the impacts and mitigation for the study - American oyster, clapper Rail (high marsh) 
and Eastern meadowlark (fresh marsh). 

We will discuss the least-cost disposal plan and potential BU opportunities at the next meeting. Please 
review the attached Regional sediment Management Reports. We are using their results in developing a 
draft least-cost plan. 

The next regularly scheduled meeting will be June 27, 1:00-3:00. 

Jan 

Janelle Stokes 
Regional Technical Specialist 
Environmental Compliance Branch, Coastal Section 
Regional Planning and Environmental Center 
U.S. Army Corps of Engineers 
2000 Fort Point Road 
Galveston, Texas 77550 
409/766-3039 
Webinar address 
http://www.webmeeting.att.com 
call in and web meeting number 866-434-5269 
Access code 8362189 
Security code 1234 
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Identification of Alternatives to Reduce Shoaling in the Lower Matagorda Ship Channel 

By Tricia Campbell, Eric Wood, Matt Duke, Lauren Dunkin, 
and Lihwa Lin 

PURPOSE. The purpose of this Coastal and Hydraulics Engineering Technical Note (CHETN) is to document development 
of a regional sediment budget as well as investigate several design alternatives to reduce shoaling in the lower Matagorda 
Ship Channel (MSC). The area of study focuses on the channel between Sta. 10+000 to Sta. 40+000 of the MSC as well as 
The Gulf Intracoastal Waterway (GIWW) immediately adjacent to the MSC. Placement Areas 6 through 10 are within the 
focus area and as the study began it was anticipated these placement areas were contributing to the shoaling issue in the 
focus area. 

Figure 1. Overview of the study area 
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1. INTRODUCTION. 
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The United States Army Corps of Engineers (USACE) Regional Sediment Management (RSM) program selects RSM 
proposals from the Districts. Usually proposals are for small scale studies that can help address local issues including 
improvement of shoaling issues, erosion problems, and sediment use. 

This RSM project focuses on Matagorda Bay and the shoaling in the lower Matagorda Ship Channel (MSC) where shoaling 
has led to draft restrictions in recent years. This study is a cooperative effort of (Engineering Research Development Center 
(ERDC) the Coastal Hydraulics Lab (CHL), the USACE Galveston District (SWG) Shoaling in the lower Matagorda Ship 
Channel (MSC) between the inlet from the Gul of Mexico and the intersection of the GIWW and MSC has led to draft 
restrictions in recent years. Analysis of physical conditions and alternative dredging practices will be examined in th is study 
to develop potential approaches that could be applied to increase channel availability. 

MSC is a deep draft navigation channel providing access to the cities and ports of Port of Port Lavaca- Point Comfort. 
Shoaling in the MSC study vicinity has become a frequent issue impacting navigation causing delays, lightening of ships, 
and even ships being redirected to other ports. The problem seems to have been exacerbated in recent years as reported by 
the MSC Pilots, the Calhoun Port Authority (the Non-Federal Sponsor) and confirmed by survey data. MSC Pilots relayed 
information through the Port Authority that they believe the major issue is that the dredged material placed in open bay 
Placement Areas 6 through 10 short circuits back into channel shortly after dredging. 

Historical issues in the MSC include rapid and worsening shoaling. Records indicate the MSC has not had adequate project 
depth since 1997. Changes in the Bay may be affecting the hydraulics. Approximately a month after completion of the most 
recent dredging effort Pilot concerns began with decreased vessel control when entering the area. Shoaling in the channel 
has caused delays in navigation through the MSC. Pilots have identified specific areas of concern in the study focus area. 
Excessive shoaling has required reduced vessel operating drafts for periods. The Pilots and the port authority stated the 
problem is getting worse and more frequent. 

The stations limits of primary concern are from Station 10+000 to 40+000. (markers 33/34 to markers 31/32). This is the 
specific area of concern and focus for this study. For this effort USA CE will perform some additional analysis of the MSC 
from Stations 0+00 to 60+o00 for a more complete understanding of the shoaling issues and processes causing the shoaling 
issues .. 

Placement Areas 6 through 10 serve as placement areas for material dredged from the MSC within the study focus area. 
These placement areas also serve, to a much lesser extent, as placement areas of dredged material from the GIWW in the 
immediate vicinity of the intersection of the MSC and GIWW. The shoaling observed in the GIWW is minimal and this has 
been the case since the relocation of the GIWW to its cun-ent location in 2007. 

This paragraph provides a brief history of the federal projects in MSC and in Matagorda Bay previous to 1964. In 1910 
congressional authorized an 8-mile channel at a depth of 7 ft. MLT and 80 ft. wide from deep water in lower Matagorda 
Bay to Port Lavaca. The upper end of the channel was extended a distance of about 1 mile to the shoreline at the entrance 
of Lynn Bayou in 1935. In 1937 the channel from Lynn Bayou at Port Lavaca to deep water in Matagorda Bay near Port 
O'Connor was enlarged. This channel had a depth of 9 ft. MLT and a width of 100 ft., and was 11 miles long. In 1945 a 
channel extension 100 ft. wide at a depth of 6 ft. MLT, via Lavaca Bay, Lavaca River, and Navidad River, to Red Bluff 
located at about Mile 3 on the Navidad River, for a total distance of 20 miles. In 1958 deep-draft navigation channel was 
constructed from the Gulf through Pass Cavallo (38 ft. deep MLT, 300 ft. wide and about 6 miles long), an inner channel 
was also constructed (36 ft. deep MLT, 200 ft. wide and about 22 miles long across Matagorda and Lavaca Bays, a 36ft 
deep turning basin at Point Comfort, 36 ft. deep was constructed and dual jetties were constructed at the channel entrance. 
These are the dimensions of the present-day channel. The GIWW and MSC intersection was modified in 2007. The 
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intersection was shifted approximately 2 miles north of the cunent MSC/GIWW intersection as and the GIWW /MSC 
intersection cunently remains in this location. 

The GIWW channel shift in 2007 led to material that would have previously been placed on Sundown Island instead being 
paced in Placement Areas 6 through 10. The shift in the location of the GIWW to its cunent location to take advantage of. 
This results in a more stable channel that exhibits decreased shoaling and requires less frequent maintenance dredging. 

It should be noted that during this study very little data on bay bottom environmental factors was obtained. It is 
recommended that additional information on environmental features of the bay bottom, such as Oyster Reef information, 
be gathered during future study efforts. This study will apply Coastal Modeling System (CMS) modeling and empirical 
methods to detem1ine the potential benefits of each proposed solution. The goals are to increase the dredging interval by 
at least 6 months, to reduce the total volume dredged, and keep sediment in the system. 

2. DATA COLLECTION 

MSC SEDIMENT DATA 

Existing data was utilized to improve understanding of regional sediment transport in the area. Information from previous 
field surveys and investigations and dredged material placement activities was gathered in combination with discussions 
with USA CE Galveston District operations managers and engineers. Sediment Data for the MSC was obtained for the entire 
channel at point locations. The information for the focused study area is presented in Tables 1 and 2 below. The data here 
is presented for the focus area additional data for available for the entire MSC and is available per request. There are gaps 
in between soil sample locations as sonly specific stations were sampled. 

Table 1: Measured MSC sediment data (Stations -20+000 to -9+000 are ent1·ance channel, 25+000 to 60+000 are in 
in the focus area of project) 

Station Sand% Silt% Clay% Dso (mm) 
-9+00 17.2 22 60.8 0.0019 

-10+00 68 13.8 18.2 0.1777 
-11+00 35.7 24.7 39.6 0.0140 
-14+00 9.8 54.9 35.3 0.0200 
-15+00 39.52 26.92 33.57 0.0727 
-19+00 32.77 37.33 29.90 0.0510 
-20+00 47.97 24.9 27.1 0.0620 

25+000 33.16 39.78 27.06 0.1094 
30+000 34.25 38.73 27.05 0.0410 
35+000 25.59 40.56 33.87 0.0383 
40+000 36.60 42.07 21.33 0.0603 
45+000 8.75 49.82 41.42 0.0172 
50+000 12.40 41.63 45.97 0.0080 
55+000 15.33 38.15 46.52 0.0195 
60+000 7.03 35.17 57.80 0.0088 

HISTORICAL DREDGING DATA. Existing data were utilized to improve understanding of regional sediment transport 
and coastal processes in the area. Information from previous field surveys and investigations and dredged material 
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placement activities was gathered in combination with discussions with USACE Galveston District operations managers 
and engineers. 

In order to estimate annual shoaling rates in the GIWW, historical dredging quantities from 1957 to 2012 were obtained 
from the Galveston District's Dredging Histories Database. Dredging quantities for the year 2012-2015was obtained from 
the local area office. Figure2 is a comprehensive graph showing the MSC cumulative dredging volumes. In this graph it is 
assumed that dredging for each dredging event was completed to the fully authorized channel dimensions. 

Figure 2: Annual Dredging Volumes for Focus Area 
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Survey Data from 1998-2015was available and was used in the Coastal Modeling System (CMS) bathymetry update and 
the Ehydro and Channel Shoaling (CSAT) analysis. The CMS model had been last updated in 2012 and was updated again 
to incorporate survey data from 2012 to 2015. This is discussed in more detail in Section 3. 

Datum Information 

The National Oceanic and Atmospheric Administration's (NOAA) Center for Operational Oceanographic Products and 
Services' (CO-OPS) manages a permanent observing system, the National Water Level Observation Network (NWLON). 
Vertical datum information for the study area is below and was obtained from NWLON Station Port O'Connor, Station ID: 
8773701. The datum for the NAVD88 was determined using the latest USACE survey information for Port O'Connor. 

Table 3. Datum Elevation Infonnation 

Datum Value Description 
MHHW 12.25 Mean Higher-High Water 
MHW 12.23 Mean High Water 
MTL 11.86 Mean Tide Level 
MSL 11.88 Mean Sea Level 
MLW 11.48 Mean Low Water 
MLLW 11.45 Mean Lower-Low Water 
NAVD88 11.09 North American Vertical Datum of 1988 
MLT 10.26 Mean Low Tide 

3. eHydro/CSAT 

Process: 

All available channel surveys were collected for the study area. Although the study area only covers Reach 2 of the 
Matagorda Ship Channel, surveys (as xyz data files) were collected and processed for the entire MSC. Using the collected 
surveys the eHydro Toolset was run to produce a database for each survey. These were used as the inputs for the Corps 
Shoaling Analysis Tool (CSAT). The databases are uploaded to the Vicksburg Enterprise server where the CSAT Team 
was able to access and process them. The CSAT compared surveys between dredging periods to determine sediment 
build up within the ship channel, and identified specific shoaling hot spots within each designated channel reach. 

The CSAT produces a variety of outputs, but most important to this study are the shoaling raster and the Shoaling Rates 
table. The shoaling raster shows the rates over a continuous surface. This allows the visual identification of shoaling 
patterns; and more specifically, areas with higher shoaling rates. The shoaling rate table displays the average, maximum, 
and minimum shoaling rates in feet per year. The table also displays the average, maximum, and minimum volumes in 
cubic yards per year. 
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RSM Matagorda Results: There are limited results for the area of interest being studied by the RSM Program. CSAT 
requires at least 3 surveys between dredging events and they must overlap so shoaling can be compared and shoaling 
increases can be calculated. In the case of MSC-Reach 2 there were 10 surveys reviewed (two were dredging events) but 
most of these surveys were partial surveys, which didn't provide the necessary overlap. 

Table 3 provides a breakdown of the results that were determined by CSAT. For the areas analyzed (see Figure 2 for a 
visual of the areas) the average yearly dredge of 342,018 cubic yards per year accounts for 42% of the total dredging in 
this reach (Stationing 0+000 to 65+000). The table has an average shoaling rate in feet per year. This is an overall 
number for the entire reach area. Since shoaling rates are not constant the raster image shows how the rates change 
throughout the channel. 

Table 3 

Surveys Average Average Volume 
Reach ID per year Rates Rate Units Volume Units 

MS 02 MPL 2 2.88 4.66 ft./yr 342,018 CY/yr - - -

Average Dredging Absolute 
Reach ID Volume History Difference Total Area 

MS 02 MPL 2 CSAT - - - 3,457,684 25.68% ofTotal Area 342,018 807,172 465,154 
13,463,373 807,172 MS 02 MPL 2 Total - - -

42.37% of Total Dredge history 

Figure 2 shows the shoaling raster that was produced from the CSAT outputs. Again, due to the limited survey data only 
the Green-to-Red colored area were analyzed by the tool. The image is showing higher levels of shoaling on the channel 
toes when first entering the bay. This raster or a more complete raster (if/as more surveys become available) will be 
added to ArcGIS Online and/or the SWG Enterprise. The data can then be used individually to determine shoaling rates in 
the area and the need for future analysis. 

Figure 2. Shoaling raster that was produced from the CSAT outputs 
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4. NUMERICAL MODELING. ERDC's Coastal Modeling System was selected to quantify and simulate physical 
processes affecting the shoaling rates in the study area. The CMS uses an integrated numerical modeling system to model 
waves, currents, sediment transport and morphology change at coastal inlets and entrances (Demirbilek Z. and J.D. Rosati, 
2011 ). For this study CMS modeling was used to evaluate the effectiveness of six identified alternatives in reducing shoaling 
in the MSC. The CMS model domain used for this study covers a 7 x7 km ( 4.3 x 4.3 mile) area of the Matagorda Region 
(Figure 3). The bathymetry was updated to current conditions for this modeling effort 

Figure 3. CMS domain. 

The CMS grid extends approximately from the north shallow reaches of the upper Matagorda Bay to the southern areas 
reaching to the 20 meters). The CMS model was calibrated with water level, current, and wave data collected around the 
Bay entrance inlet over a period of 59 days. The forcing data covered the period from January 1, 2014 to February 28, 2014 

Sediment in Matagorda Bay is mixed, with increased percentages of sand near the Bay entrance and inlets, along the coast, 
and surrounding the barrier islands. More silt and clay mate1ials are found in other areas of the bay. Five areas for sediment 
shoaling calculations were established as seen in Figure 4. The simulations verified that several sources were contributing 
to shoaling in the MSC. The modeling results indicated that the unconfined placement areas produced a large amount of 
shoaling in the study area. 

Figure 4. 5 areas for sediment shoaling calculations 

8 

ED_013073_00000012-00007 



ERDC/CHL CHETN-XX-XX 
January 2016 

Final Draft 

The modeling simulations also showed tidal flow through the MSC inlet and high currents south of Sundown Island 
contributed to shoaling issues within the MSC study area. Modeling results are discussed further in Section 7 of this 
document. 

5. SEDIMENT BUDGET ANALYSIS. The Sediment Budget Analysis System (SBAS) was applied to compile 
historical sediment erosion and shoaling information in Matagorda Bay and gain greater knowledge of the relationship 
between sinks and sources of sediment within the project area (Figure 5). There was no bulking factor applied to relate 
the shoreline-eroded material to the volume deposited in the channel. The difference due to consolidation could be 
significant, but no applicable information was available. Thus, bulking was assumed not to be a factor for this analysis. 
The first part of this task consisted of reviewing the previous work and summarizing coastal processes and operations. 

Several assumptions were made in creating this sediment budget: 

• Sediment is moving from placement areas into the MSC 
• Additional sediment suspended in Matagorda Bay such as the variety of rivers and other water bodies discharging into the 

Bay. 
• Sediment is moving into the focus study area via the MSC inlet and settling. 
• Averages of dredging data over the last 25 years were used, assuming they depict current conditions and would reflect 

current issues more accurately. 
• Thirty-percent uncertainty was used in the budget, which is the standard amount for this type of analysis. 

The following general conclusions are presented based on the sediment budget analysis of historical data: 

1. In the study focus area where shoaling issues are most prevalent. 40-45% of the shoaling material in the problem area was 
estimated to be caused by a combination ebb/flood tide sediment being canied in this section originate from material placed 
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in the unconfined placement areas 6 through 10, sediment carried through the inlet, and material eroding from Sundown 
Island and the area around the Island.,. 

2. Approximate 20-25% of sediment shoaling in the problem area is from suspended material settling thro 2)ughout 
Matagorda Bay. Material from waterways discharging into the Bay is carried by carried by currents, wave -action and other 
methods. Erosion of shorelines and recreational beaches around the Bay and transport of material from the various 
Placement Areas along the MSC, Palacious and the GIWW. 

3. Within the entrance channel the study showed a shoaling deficit, creating several large scour holes. 
4. Within the entrance channel there are channel there were also areas of heavy shoaling (See Figure2) 

6. ANALYSIS OF ALTERNATIVES. After a brainstorm session amongst the PDT members alternatives were selected 
for further analysis and modeling. The primary metric for selecting one or more of these alternatives is quantifiable shoaling 
reduction. The alternative(s) must also be economically feasible and have the potential to be approved by resource agencies. 
Beneficial use is preferred if possible but not a necessity. The following alternatives were posed for consideration: 

The 6 alternatives selected for further analysis and detailed study were: Alternative 1 (A 1 ): Move unconfined placement 
areas from east side to west side of channel, Alternative 2 (A2): Semi-Confine Placement Areas 6-10, Alternative 3 (A3): 
Alternative 3: Place dredge material on Sundown Island instead of unconfined Pas, Alternative 4 (A4): Move material in 
placement areas 6-10 to bedach or other location, Alternative 5 (A5): Widen MSC (from 165' to 275'), Alternative 6 (A6): 
Widen/deepen MSC (deepen to 44' from 36'). The analysis of these alternatives is discussed in the following paragraphs. 

>- Alternative 1: Move unconfined Placement Areas 6 through 10 from east side to west side of channel. 

On the east side of the MSC are a series of open placement areas. These Placement Areas are widely believed to allow PA 
dredged material due to their location and the fact they are unconfmed. Modeling indicated a reduction in shoaling in MSC 
if the open placement areas were move to the west of the channel centerline. This measure is cost efficient as the dredging 
cost would be approximately the same. Reference Table 4 for a summary of shoaling quantities for the alternatives. 

Additional considerations to include are the condition of the bay bottom on the west side of the MSC and whether any 
environmentally sensitive areas exist that would require avoidance of certain locations or mitigation to implement this 
alternative. National Environmental Protection Act (NEPA) coordination and coordination with other appropriate entities 
would need to occur before this alternative could be implemented. 

There is minor concern that ebb tides could cause material from placement areas on the west side to migrate into the MSC. 
Also it is known major pipeline corridors pass through this area. The exact locations are unknown and coordination with 
the pipeline owners would need to occur. The pipelines should not require any relocation or modification, but it should be 
verified that the change in location of these Placement Areas would not cause any issues. 

Figure 6. Plan view of Alternative 1 with Placement areas 6 through 10 relocated the west side of the MSC. 
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~ Alternative 2: Semi-Confine Placement Areas 6-10 

ERDC/CHL CHETN-XX-XX 
January 2016 

Final Draft 

This alternative would Semi-Confine the open placement areas 6 through 10 to reduce the rate of shoaling. Currently all 
Placement Areas in the area are unconfined. The confinement would deter and impede the flow of dredged sediments back 
into the MSC. This would create less shoaling in the MSC and less frequent dredging requirements. Confinement could 
possibly lead to emergent or expanding Placement Areas which could have environmental impacts. NEPA coordination 
and coordination with other appropriate entities may need to occur to address any environmental issues before this 
altemati ve was implemented. 

Figure 7. Conceptual design of semi-confined placement area 

~ Alternative 3: Place dredge material on Sundown Island instead of unconfined PAs 
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Sundown Island was created in 1962 using MSC dredge material. This is the largest Bird Sanctuary Island of the 
Audubon's on the Gulf Coast. After the GIWW alignment was shifted approximately 2 miles north in 2007 USACE 
dredge material stopped being placed on Sundown Island. Although Sundown currently is one of the largest and most 
diverse rookeries on the Texas coast it suffers from erosion due to high tides and wave action associated with cold fronts 
moving through the area, as well as wakes from passing ship traffic. These and other factors have led to the reduction of 
the [sland to its' cun-ent size of 65 Acres reduced the island to its present size of 65 acres. 

The location of the island is just inside the MSC inlet (Figure 8). The location exposes the island to erosion due to tides 
and currents (Figure 9). The currents and tidal velocities are lowest on the northern side of the island. Audubon Texas has 
expressed wishes to expand the island to 100 Acres (Atkins 2014). It is estimated in the Atkins 2014 report that 
approximately 450,000 CY of material would be required to establish the 100 Acre Island desired by Audubon Texas. 
Additional re-nourishments of varying quantity and frequency depending on the design selected would be needed. [t 
should be noted that the maximum measured acreage for Sundown Island found on record is 81 Acres in 2001. 

It is not recommended to place material along the west and south sides of the islands without control structures to prevent 
erosion of island and shoaling in the MSC. The Atkins Analysis (2014) did propose possible alternatives to placing dredge 
material along most of the island, reference the Atkins report for additional details. More detailed study and identification 
of the location of the seagrass is needed before implementing this Alternative. This alternative would require more study 
and funding sources need to be identified for maintenance, re-nourishment, and environmental impacts ... 

Figure 8: Conceptual Plan of Sundown Island and Expansion Alternative (Expansion area in green) 

Figure 9: Currents in vicinity of Sundown Island 
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~ Alternative 4: Move material in Placement Areas 6-10 to beach or other location(s) 

This alternative removes all material from unconfined Placement Areas 6 through 10. Alternative 4 assumes another 
justifiable location could be found to place the dredged material. Options considered for placement of this material included 
in Alternative 4 include beach nourishment along Matagorda Bay beaches and possible placement into upland sites. Cost is 
likely a primary issue for this Alternative due to long pumping distances and would need more detailed study, as would 
possible environmental impacts. A separate entity (or entities) would need to be found that is willing to cover the increased 
costs. 

Figure 10. Plan view of Alternative 4 shows dredged material placed in PAs 6 through 10 placed in alternative locations(s) 

~ Alternative 5: Widen the MSC (from 165 ft to 275 ft) 
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This alternative was modeled to determine possible impacts widening of the MSC would have on shoaling the rates and the 
impacts on dredging frequencies. This alternative requires dredging and maintaining wider channel. The model shows the 
total volume deposition in the widen channel is smallest among all Alts. The conesponding shoaling depth becomes small 
as the shoaling volume spreads over a wider channel area. Based on model results, the widened channel should expect to 
have lesser dredge requirement. Additional considerations such as environmental impacts would have to be studied further. 
Because the alternative is considered cost prohibitive, it was not analyzed further. 

Figure 11. Cross Section of MSC for Alternative 5 
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~ Alternative 6: Widen/deepen the MSC (deepen to 44' from 36') 

This alternative was modeled to estimate impacts to shoaling and dredging frequencies if the channel was deepened 8 ft and 
widened from 165 ft to 275 ft. This alternative is a modification of the channel cross section, not advanced maintenance 
dredging. The deepening resulted in shoaling reductions in Al and A3 but caused a large shoaling increases in A5. The 
authorized widen/deepen channel would need justification of federal interest and possible environmental impact. 
Maintaining this configuration would come at considerable cost to meet the dredging requirements. Therefore, this 
alternative was not analyzed further. 

Figure 12. Cross Section of MSC for Alternative 6 
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7. SUMMARY OF MODELING RESULTS AND ALTERNATIVE SELECTION 
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Table 5 shows the calculated shoaling rates for the existing conditions and for the 6 alternatives. Area A4 is in 
an erosive state for all alternative. Therefore is not included in this summary Table. 

Table 5. Calculated Channel Shoaling Volume (CY), (Sep 2013 -Feb 2014) 

Alternative 0 (existing) 55,570 195,240 28,380 29,070 308,260 
Alternative 1 Move Pas 6-10 West of MSC 44,660 194,980 28,880 29,080 297,600 
Alternative 2 (Semi-Confine PAs 6-10) 54,110 183,070 24,350 20,610 282,140 
Alternative 3 (Place dredge material on Sundown 
Island currently placed in unconfined PAs) 54,480 180,210 17,990 20,760 273,440 
Alternative 4 (Move Material in Pas 6-10 to beach 
or other location away from MSC) 58,740 189,470 22,360 20,540 291,110 
Alternative 5 (Widen from 165' to 275') 33,620 174,830 8,480 21,790 238,720 
Alternative 6 (Alternative 5 and deepen from 44' 
to 36') 36,010 197,410 16,540 30,680 280,640 

8. CONCLUSIONS. 

Based on the analysis performed and modeling results it is recommended that Alternatives 2 and 3 be pursued and studied 
further for reducing shoaling in MSC study area. Semi-Confining Placement area 6-10 reduced the shoaling in the MSC 
by 26,210 CY/year, Alternative 3 would reduce the shoaling in the MSC by 34,820 CY/year. Together it is predicted these 
two alternatives could together reduce shoaling up to 60,940 CY/year. This is a reduction of 19.8% in shoaling in the 
study focus area. If a combination of Alternatives 2 and 3 is used these numbers may vary. Additional features such as 
hardened erosional control structures on Sundown Island could further reduce shoaling in the MSC. 

This CHETN is intended to improve RSM communication both within the Galveston District and between the Galveston 
District and its partnering organizations. This work follows a standard procedure for RSM of first identifying a problem, 
understanding physical processes, and then ultimately working to find a solution. 
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Abstract 

Three research and development programs within the US Army Engineer 
Research and Development Center (ERDC) have collaborated to investigate 
regional sediment management strategies within the Matagorda Bay 
system, emphasizing the excessive shoaling in the upper reach of the 
Matagorda Ship Channel (MSC). These three R&D programs were the 
Regional Sediment Management (RSM) Program, Coastal Inlets Research 
Program (CIRP), and Dredging Operations and Environmental Research 
(DOER) Program. 

Extensive shoaling in the upper reach of the MSC in recent years has 
resulted in the need for annual maintenance dredging. The increasing 
channel shoaling rate is likely due to the placement of dredged material 
into adjacent open water sites west of the channel and the migration of 
these fluidized sediments back into the channel. It is suspected that active 
sedimentation in upper Lavaca Bay also contributes to the high shoaling 
rate in the MSC. Stronger wave action in Lavaca Bay and Matagorda Bay 
during fa11 and winter months evidently increases the amount of 
suspended sediment, especially cohesive sediment, and promotes more 
sediment deposition in the MSC. 

Numerical simulations were conducted to investigate the existing 
Matagorda Bay conditions and three alternatives as proof-of-concept to 
reduce sediment deposition in the upper MSC: 1) a confined artificial 
island south of Port Comfort, located in the northeast portion of the bay to 
contain the dredged material from the upper channel, 2) extension of an 
existing geotube east of the upper channel to close the gaps between 
dredged material placement areas, and 3) three new placement areas west 
of the navigation channel. The present study showed these alternatives 
could effectively reduce the channel shoaling rate. Options to reduce 
maintenance dredging by surveying the channel such that the fluid mud 
interface could be defined are also discussed. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

The Matagorda Ship Channel (MSC) is a deep-draft Federal navigation 
channel that extends 25 miles (40 km) into Matagorda Bay, Texas. It 
consists of a 38-ft deep by 300-ft wide entrance channel extending through 
a jettied inlet and connecting the Gulf of Mexico and Matagorda Bay. The 
main channel in the Bay is 36-ft deep by 200-ft wide which terminates at a 
1,000-ft by 1,000-ft wide turning basin at Point Comfort in Lavaca Bay. The 
navigation project is located in the vicinities of Port O'Connor, Port Lavaca, 
and Point Comfort in Matagorda and Calhoun Counties, Texas (Figure 1). 
Dredged sediments from channel maintenance are disposed in open water 
placement areas adjacent to the channel (Figure 2). 

Figure 1. location maps of the Matagorda Ship Channel, Texas. 
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Figure 2. Open water placement areas along the Matagorda Ship Channel. 

Critical shoaling in upper reaches of the MSC has caused annual draft 
restrictions resulting in the need for annual maintenance dredging projects 
(Figure 1). Project funding is typically limited, and dredging to the autho
rized depth without advanced maintenance decreases the duration of 
channel availability to fewer than six months per year. It is suspected that 
excessive shoaling in the upper reaches of the MSC is mainly due to the 
disposal of dredged sediments into adjacent open water areas from which 
the material quickly migrates back into the channel. Additionally, sedimen
tation from the upper Lavaca Bay contributes to the high shoaling rate in 
the upper reach; measures to control this shoaling could benefit the project. 
Other portions of the channel, for example the entrance channel, can 
experience scour in contrast to the shoaling experienced in the upper reach. 

The purpose of the present study is to understand the MSC, Matagorda 
Bay, and Lavaca Bay as a system and evaluate possible structures or other 
methods (alternatives) to reduce the shoaling rate in the upper reach of 
the MSC. Reducing the channel infilling rate would result in providing an 
adequate level of service and safe deep-draft navigation conditions while 
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conserving valuable funds by increasing the cycle time between dredging 
events. 

To reduce the channel infilling rate and provide a remedial solution in the 
upper reach of MSC, three Research and Development (R&D) programs at 
the US Army Engineer Research and Development Center (ERDC) worked 
together to investigate and perform numerical modeling of sediment 
transport for the Ship Channel in the Matagorda Bay system. These three 
R&D programs were as follows: the Regional Sediment Management 
(RSM) Program, Coastal Inlets Research Program (CIRP), and Dredging 
Operations and Environmental Research (DOER) Program. The modeling 
was focused on evaluating the MSC, Gulf Intracoastal Waterway (GIWW), 
Matagorda Bay, and Lavaca Bay as a system for hydrodynamics and 
sediment transport as these processes interact with river influxes and tidal 
forcing from the Gulf of Mexico (GOM). The main challenge was to model 
mixed-sizes and types of sediment, as there is more silt and clay (cohesive) 
material in the Lavaca Bay and upper Matagorda Bay and sandy (non
cohesive) sediment in the lower Matagorda Bay. The mixed sediments also 
present a challenge for investigating and modeling of sedimentation under 
combined wave and current conditions. 
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2 Physical Setting and Sediment Budget 

This chapter describes geography, physical processes, and engineering 
activities in the Matagorda Bay region. Information summarized in this 
chapter should be used in conjunction with an understanding of coastal 
processes illuminated by numerical modeling discussed in Chapter 3 to 
inform development of potential solutions to improve the management of 
sediments. 

2.1 Freshwater Flow into Lavaca and Matagorda Bays 

Freshwater flow into Matagorda Bay is moderate and consists primarily of 
discharges from the Colorado River Diversion Channel and the Lavaca and 
Navidad rivers (Figure 3). The present delta prograding from the Lavaca 
and Navidad rivers extends approximately 2.7 miles (4.3 km) into Lavaca 
Bay but has protruded as far as 10.9 miles (17.5 km) in the past (Byrne 

1975). 

Figure 3. Major bodies of water and rivers in Matagorda Bay system (Byrne 1975). 
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The ship simulation study discussed in the original design memorandums 
for the MSC from the 1960s quantified the sediment entering the system 
from the Lavaca and Navidad Rivers as approximately 700,000 cubic 
yards per year ( cy /yr). Other freshwater contributors include Gardtas 
Creek, Placedo Creek, East and West Carancahua Creeks, and Palacios 
Creek. The Garcitas Creek has formed a notable delta, although it has not 
protruded into Lavaca Bay in recent history. According to sediment studies 
done in the 1970s, most of the mud that covers the floors of the Matagorda 
Bay system was transported via these freshwater sources. Figure 4 shows 
the historical changes of sedimentation in the Lavaca and Matagorda Bays 
after construction of the MSC. 

2.2 Bay Bathymetry 

Both Lavaca and Matagorda Bays are shallow with the nominal depths 
averaging 6.6 to 8 ft (2 to 2.5 m). The entrance to the MSC is 38-ft deep by 
300-ft wide, and the main channel is 36-ft deep by 200-ft wide. Placement 
areas located adjacent to and on the eastern side of the MSC are also 
shallow at depths less than 6.6 ft (2 m). Figure 5 shows that bathymetry in 
the area adjacent to the MSC on the east in Lavaca Bay, where channel 
shoaling and sedimentation are a problem, appears to be shallower than 
the surrounding areas. 

Processes that potentially lead to sediment transport and re-suspension in 
Matagorda Bay and East Matagorda Bay include wind driven wave re
suspension, storm surges, wind driven blowouts, and river flooding 
(Bronikowski 2004). According to Pandoe and Edge (2008), the presence of 
wave action significantly increases the amount of suspended sediment, and 
consequently, more deposited sediments occur around the ship channel, 
where shallow shoals are located. 

2.3 Placement Areas 

Most dredged material placement areas within the MSC are in open water 
sites east of and adjacent to the main channel. These placement areas are 
primarily at depths less than 6.6 ft (2 m) with several exposed during low 
tide. Surveys of these placement areas are not available due to the 
difficulty to navigate into the shallow depth. The GIWW that intersects the 
MSC in the lower bay is dredged less frequently with the exception in the 
vicinity of the junction with the MSC. Historically, material from this 
segment has been placed on Sundown Island (Figure 2) or in Placement 
Area 2 (PA 2). More recently dredged material from the GIWW has been 
placed in Placement Area 6 (PA 6) along the MSC. 
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Figure 4. Sedimentation increase in Lavaca and Matagorda Bays after construction of the Matagorda 
Ship Channel (Bronikowski 2004). 
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Figure 5. Upper bay bathymetry based on surveys from December 2002 to April 2003 
(Bronikowski 2004). 

For the channel from the GIWW to Palacios (Figure 2), a shallow draft 
channel, the open water placement areas are also located adjacent to the 
channel but on the western side of the channel as opposed to placement 
areas along the MSC. 

2.4 Sediment Distribution 

Figure 6 shows the grain size distribution of the Lavaca Bay. Figure 7 
shows the sediment distribution of the Matagorda Bay system. Sediment 
varies from silt to clay in the upper and mid bays and sandy material in the 
lower bay. 

2.5 Dredging History 

The SWG maintains the deep- and shallow-draft navigation channels which 
transverse Matagorda Bay. These channels include the MSC, the GIWW, the 
channel to Port Lavaca, and the channel to Palacios. Detailed dredging 
records were used to quantify the annual shoaling of these channels. 
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Figure 6. Grain size map showing the distribution of textures in the upper bay
delineation of bottom types based on Shepard's Classification (Brownskowski 2004) . 
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2.5.1 Matagorda Ship Channel - Entrance Channel 
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For the MSC Entrance Channel, minimal sand is transported from the Gulf 
to Matagorda Bay. The jettied entrance has been studied recently in great 
detail by the SWG. At the bottleneck portion (constricted portion through 
the peninsula) of the Entrance Channel, there has been severe scouring by 
strong tidal currents. Recent studies indicate that the channel cross section 
through the bottleneck will likely continue to scour at approximately 1 ft/yr 
while the width remains constant (Maynord et al. 2011). 

Table 1 is a list of dredging information for the Entrance Channel (offshore 
and jetty channels). The average dredging rate is 346,000 cy/yr from 1971 

to 2006, which occurs primarily in the offshore reach; recent studies 
indicate scouring is evident in the jetty channel (USACE 2012). Moffat and 
Nichol (2007) estimated an average of 259,000 cy /yr of material dredged 
from the offshore channel. Material dredged from offshore and jetty 
channels is placed offshore. 
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Figure 7. Sediment Distribution of Matagorda Bay System (McGowen et al. 1979). 
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Table 1. Dredging history for MSC Gulf Entrance (Offshore and Jetty) from 
1971 to 2006. 

Date Type Dredged Quantity, (cy) 

8/8/1971 Maintenance 1,135,825 

4/16/1972 Maintenance 484,560 

4/29/1975 Maintenance 547,000 

5/6/1975 Maintenance 1,463,473 

2/18/1976 Maintenance 943,112 

1/31/1978 Maintenance 290,000 

8/31/1979 Maintenance 539,891 

12/22/1980 Maintenance 1,790,548 

3/7/1984 Maintenance 908,933 

2/20/1989 Maintenance 498,040 

9/7/1993 Maintenance 664,190 

10/21/1996 Maintenance 488,383 

8/22/1999 Maintenance 590,740 

10/29/2001 Maintenance 310,655 

2/10/2004 Maintenance 365,226 

8/22/2006 Maintenance 1,097,451 

2.5.2 Matagorda Ship Channel - Main Channel 

The main channel has been dredged on an annual basis in recent years, 
with the dredging often completed in two sections - Matagorda Peninsula 
to Galnipper Point (Station o+ooo to 95+000) and Galnipper Point to 
Point Comfort (Station 95+000 to 117+223). Figure 2 shows the locations 
of Galnipper Point and Point Comfort. Tables 2 and 3 present the dredging 
history from 1989 to 2010 for these two sections. Note Table 3 includes the 
section referred to as Point Comfort Turning Basin or Calhoun Port 
Authority Docks (Station 116+593 to 118+502) in various contracts. 
Table 4 lists the placement areas with the dredged material typically 
placed based on stationing. Based on the dredging history, the average 
maintenance dredging for the combined main channel (Tables 2 and 3) is 
approximately 2,319,000 cy /yr. A separate study by Moffat and Nichol 
(2007) divided the main channel into a Matagorda Bay segment from 
Station 10+000 to 75+000 and a Lavaca Bay segment from Station 
75+000 to 110+000. The shoaling rates were 1,156,000 cy/yr forthe 
Matagorda Bay segment and 1, 778,000 cy /yr for the Lavaca Bay segment 
(USACE 2012). 
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Table 2. Maintenance dredging records for Matagorda Ship Channel {main channel Station 0+000 to 
95+000) from 1991 to 2010. 

Start Date Completion Date Type Stations Dredged Quantity {cy) 

11/7/1991 3/17/1992 Maintenance 15+000 to 95+000 2,755,018 

10/26/1993 7 /7/1994 Maintenance 14+000 to 95+000 4,048,086 

3/15/1998 6/12/1999 Maintenance 15+000 to 95+000 3,393,000 

1/22/2001 2/25/2002 Maintenance 17+000 to 95+000 2,575,703 

12/20/2003 5/17 /2004 Maintenance 9+000 to 95+000 3,279,900 

3/1/2006 3/28/2007 Maintenance 17+000 to 95+000 4,159,794 

3/18/2009 10/1/2009 Maintenance 8+000 to 95000 2,707,866 

3/15/2010 8/21/2010 Maintenance 0+000 to 95+000 1,825,000 

Table 3. Maintenance dredging records for Matagorda Ship Channel (main channel Station 95+000 to 
118+502) from 1989 to 2010. 

Start Date Completion Date Type Stations Dredged Quantity {cy) 

12/1/1989 1/23/1990 Maintenance 80+000 to 117+223 2,060,726 

11/7/1991 3/17/1992 Maintenance 95+000 to 117+223 2,385,321 

10/26/1993 7/7/1994 Maintenance 95+000 to 117+223 2,572,194 

3/15/1998 6/12/1999 Maintenance 95+000 to 117+223 3,471,297 

1/22/2001 2/25/2002 Maintenance 95+000 to 120+000 2,013,017 

1/24/2003 4/11/2003 Maintenance 95+000 to 117+223 1,601,789 

12/20/2003 5/17 /2004 Maintenance 95+000 to 118+502 1,129,496 

1/1/2005 3/12/2005 Maintenance 95+000 to 117+223 1,585,989 

3/1/2006 3/28/2007 Maintenance 95+000 to 118+502 1,852,572 

4/7/2007 6/6/2007 Maintenance 85+000 to 117 +223 1,710,304 

6/18/2008 4/4/2009 Maintenance 95+000 to 117 +223 1,692,078 

3/18/2009 10/1/2009 Maintenance 98+600 to 101 +000 14,829 

3/15/2010 6/22/2010 Maintenance 95+000 to 118+502 1,868,023 

Overall, the dredging records indicate the upper reaches are dredged more 
frequently, substantiating that the rate of shoaling in the Lavaca Bay reach 
(the main area of concern for shoaling in this project) is higher than in the 
Matagorda Bay. The shoaling values estimated from the dredging history 
are slightly higher than those from Moffat and Nichol (2007), and these 
values may account for the more recent trend in problematic shoaling 
within the upper stretches of the channel. 
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Table 4. Distribution of placement areas for Matagorda Ship Channel. 

STARTING CHANNEL STATION ENDING CHANNEL STATION PLACEMENT AREA NOS. 

MATAGORDA SHIP CHANNEL 

MATAGORDA PENINSULA TO POINT COMFORT - SCHEDULE NO. 1 

8+000 15+000 3 

15+000 20+000 6 

20+000 25+000 6 

25+000 30+000 7 

30+000 35+000 7 

35+000 40+000 8 

40+000 45+000 8 

45+000 50+000 9 

50+000 55+000 10 

55+000 60+000 10 

60+000 65+000 11 

65+000 70+000 11 

70+000 75+000 12 

75+000 80+000 14 

80+000 85+000 14 

85+000 90+000 15 

90+000 95+000 15 

95+000 98+600 16 

98+600 105+000 17 

105+000 110+000 18 

110+000 115+000 19 

115+000 118+502 19 

GULF INTRACOASTAL WATERWAY 

NATURAL BAY BOTIOM ROUTE - SCHEDULE NO. 1 

615+400 616+600 6 

MATAGORDA SHIP CHANNEL 

CALHOUN PORT AUTHORITY DOCKS - OPTION 

116+593 118+502 19 

2.5.3 Effects of Geotube Installation in the Upper Matagorda Ship 
Channel 

A geotube was placed in the early 2000s to prevent shoaling in the channel 
and was re-established in 2008. The geotube and is located adjacent to the 
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MSC along the eastern side between PA 18 and 19. While the amount of 
sediment being retained by the geotube has not been quantified, it is 
apparent from aerials that the geotube has reduced the amount of sediment 
filtering into the channel (Figure 8). To quantify the material retained by 
the geotube, the dredging records pre- and post-installation of the geotube 
(from PA 17 to the turning basin at Point Comfort) would need to be 
analyzed. 

Figure 8. Geotube between PA 18 and PA 19 along the Matagorda Ship Channel. 

2.5.4 GIWW Maintenance 

The GIWW in Matagorda Bay was originally authorized by Congress in 
1939. The GIWW was relocated to the south in 1944 in support of military 
activities at Camp Hulen near Palacios. This was most likely accomplished 
with local discretionary authority. Congress authorized the re-establishment 
of the original authorization in 1962. Most of the GIWW is no longer 
maintained within the Matagorda Bay system, with the exception of the area 
that intersects the MSC from Station 600+00 to 615+00, where annual 
maintenance is required (Table 5). Historically the dredged material was 
placed into PA 116-B or onto Sundown Island. Recently, the material 
dredged from the GIWW has been placed in PA 6. From 2005 to 2011, the 
average amount of material placed in PA 6 from this section of the GIWW 
was 65,000 cy /yr. The average volume dredged per year from the GIWW 
historically over a longer trend estimate by Moffat and Nichol (2007) was 
88,800 cy /yr. 
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Table 5. Maintenance dredging of GIWW Station 605+000 to 616+000 (2005 to 2011). 

Dredging Date Stations Dredged Quantity (cy) 

1/16/2005 - 3/25/2005 605+000 to 616+600 109,217 

1/10/2006 - 3/19/2006 605+000 to 616+600 229,562 

1/27 /2008 - 2/5/2008 605+000 to 616+600 10,989 

3/16/2009 - 5/26/2009 615+400 to 616+600 14,830 

3/15/2010 - 6/22/2010 615+400 to 616+600 10,984 

3/15/11- 8/30/2011 615+400 to 616+600 16,000 

2.5.5 Channel to Port Lavaca 

The Channel to Port Lavaca has not been dredged as frequently as in 
recent years. Table 6 presents the dredging volume from 1965 to 2003. 
The average shoaling quantity excluding new work is 258,500 cy /yr. Table 
7 presents the placement areas of dredged material for the Channel to Port 
Lavaca. PA 22 and PA 23 are located on the northern side of the channel. 

Table 6. Maintenance Dredging for Channel to Port Lavaca (1965 - 2003). 

Date Type Dredged Quantity (cy) 

3/20/1965 Maintenance 519,273 

6/11/1967 Maintenance 677,057 

11/24/1969 Maintenance 523,910 

3/26/1972 Maintenance 657,072 

11/15/1974 Maintenance 742,531 

1/21/1979 Maintenance 805,771 

7/8/1982 Maintenance 850,946 

3/18/1985 Maintenance 536,518 

1/30/1987 Maintenance 553,955 

4/16/1989 Maintenance 666,650 

2/27/1992 Maintenance 750,426 

5/28/1994 Maintenance 796,723 

6/24/1996 Maintenance 745,098 

4/4/2000 Maintenance 89,931 

7/30/2003 Maintenance 882,646 

Table 7. Distribution of dredged material for Channel to Port Lavaca. 

STARTING CHANNEL STATION ENDING CHANNEL STATION PLACEMENT AREA NOS. 

6+00 70+00 20 

70+00 150+00 22 

150+00 217+71 23 
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2.5.6 Port of Lavaca Harbor of Refuge Channel Including All Turning 

Basins 

This section discusses the USACE maintained channels in the upper Lavaca 
Bay system including their respective turning basins. Figure 9 shows a 
close-up view of channels and turning basins and the placement areas that 
have been typically used for dredging located adjacent to the channels. 
These are primarily shallow-draft channels, which are dredged less 
frequently in recent years due to lack of funding or because of the more 
urgent need to dredge the higher priority (deep-draft channel) shoaling 
areas. Records from the 1990s until recently for these channels and turning 
basins lacked needed information making it difficult to understand the 
recent trends in shoaling. Record keeping has improved since the early 
2000s but limited dredging has occurred in these areas to the present day. 
Improved future data collection is necessary to understand this part of the 
system. 

Figure 9. Upper Lavaca Bay Channels. 

2.5. 7 Lynn Bayou Turning Basin 

This section has not been dredged since 2000. Table 8 presents the 
dredging history from the SWG Dredging Histories Database. The average 
yearly dredging rate was 3, 700 cy /yr with the channel being dredged 
approximately every four years. In recent years, dredging has been more 
infrequent. Sediment from Lynn Bayou Turning Basin is placed into PA 23. 
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Table 8. Matagorda Ship Channel: Lynn Turning Basin (1982 - 2000). 

Date Type Dredged Quantity (cy) 

7/8/1982 Maintenance 15,704 

3/18/1985 Maintenance 8,206 

1/30/1987 Maintenance 7,123 

4/16/1989 Maintenance 5,910 

5/28/1994 Maintenance 13,317 

4/4/2000 Maintenance 15,611 

2.5.8 Port Lavaca Harbor of Refuge and East-West Turning Basin 

This segment has not been dredged in recent years. Table 9 presents the 
dredging history from 1982 to 2003. Based on dredging history, the 
average annual shoaling was approximately 8,200 cy/yr. 

Table 9. Port of Lavaca Harbor of Refuge and Turning Basin East-West. 

Date Type Dredged Quantity (cy) 

7/8/1982 Maintenance 62,071 

5/28/1994 Maintenance 64,607 

7/30/2003 Maintenance 45,000 

2.5.9 Port of Lavaca Harbor of Refuge and North-South Turning Basin 

The North-South Turning Basin has been dredged infrequently in recent 
years. Table 10 presents the dredging records from 1969 to 2006. The 
dredging history indicates the average dredged quantity was 114,000 

cy /yr. The shoaling rate in this section from 2003 to 2006 is 55,000 cy /yr. 
In the sediment budget, a combined cell for the two turning basins (East
West and North-South) had an average annual shoaling of 18,400 cy/yr 
with placement in PA 21 from 1982 to 2006. 
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Table 10. Port of Lavaca Harbor of Refuge and Turning Basin North
South (1969 to 1994). 

Date Type Dredged Quantity (cy) 

11/24/1969 Maintenance 123,797 

7/8/1982 Maintenance 82,287 

5/28/1994 Maintenance 86,339 

7/30/2003 Maintenance 51,000 

8/2006 Maintenance 164,000 
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2.5.10 Port of Lavaca Harbor of Refuge Channel 

Table 11 presents the dredging history for the Port of Lavaca Harbor of 
Refuge Channel from 1963 to 2003. Excluding new work material, the 
average annual dredging rate was 192,000 cy /year. The channel had less 
accumulation in recent years, and the shoaling rate based on more recent 
surveys (since 2003) is much less than the historical average, approximately 
45,000 cy /year. Sediment is placed into PA 20 and 21. 

Table 11. Port of Lavaca Harbor of Refuge, Channel (1963 to 2003). 

Date Type Dredged Quantity (cy) 

3/1/1963 New Work 633,860 

3/20/1965 Maintenance 351,251 

11/6/1967 Maintenance 411,056 

11/24/1969 Maintenance 330,505 

3/26/1972 Maintenance 447,233 

11/151974 Maintenance 455,642 

1/21/1979 Maintenance 467,880 

7/8/1982 Maintenance 483,069 

3/18/1985 Maintenance 377,210 

1/30/1987 Maintenance 368,506 

4/16/1989 Maintenance 397,105 

2/27/1992 Maintenance 506,161 

5/28/1994 Maintenance 457,784 

6/24/1996 Maintenance 413,050 

4/4/2000 Maintenance 1,175,956 

7/30/2003 Maintenance 390,767 

2.5.11 Channel to Palacios 

The Channel to Palacios reach is not dredged as frequently as the MSC. 
The placement areas are open water placement sites adjacent to the 
navigation channel. Palacios Creek likely adds some sediment into the 
system. It is possible that some of the sediment from the re-diverted 
Colorado River is depositing within this stretch. Most of the bay 
surrounding the Palacios channel appears to be mud. However, the middle 
reach of the channel crosses through sandy mud, which may come from 
the point to the west of Oyster Lake. The portion of the channel close to 
Palacios is also sandy mud. Table 12 presents the maintenance dredging 
quantities for this channel from 1946 to 2010. The annual dredging 
volume is approximately 409,000 cy /yr. 
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Table 12. Maintenance dredging for Channel to Palacios (1946 to 2010). 

Start Date Completion Date Dredged Quantity (cy) 

2/16/1946 4/14/1946 851,524 

5/7/1950 11/25/1950 324,700 

4/26/1954 5/29/1954 381,270 

10/1/1959 10/18/1959 677,113 

12/28/1961 1/15/1962 554,148 

11/14/1964 1/7/1965 554,598 

4/15/1968 5/4/1968 726,330 

1/13/1971 3/22/1971 2,199,740 

10/31/1973 5/7/1973 1,078,414 

2/27/1977 3/7/1977 2,068,703 

10/4/1979 12/11/1979 2,274,094 

3/13/1983 6/8/1983 2,315,555 

6/23/1986 9/15/1986 2,070,128 

10/26/1988 12/13/1988 1,284,247 

3/1/1992 6/8/1992 1,799,634 

4/20/1995 6/18/1995 1,977,512 

12/1/1998 1/27/1999 2,397,471 

1/9/2001 1/30/2002 1,828,413 

4/27/2010 7/23/2010 787,740 

Table 13 presents the placement areas of dredged material for Channel to 
Palacios. The placement areas adjacent to the channel are indicated in 
Figure 2. 

2.5.12 Pass Cavallo 

Pass Cavallo is the natural inlet to the west of the MSC Jetty Entrance 
Channel (Figure 1). It is a historically unstable inlet that connected the 
Gulf of Mexico and Matagorda Bay prior to the construction of MSC 
Entrance channel in 1963 and 1964. After construction of the MSC, tidal 
hydraulics became much more efficient through the manmade channel 
than Pass Cavallo. In response, Pass Cavallo experienced significant 
shoaling and intrusion by growth of barrier spits both from the Matagorda 
Peninsula to the east and Matagorda Island to the west. 
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Table 13. Distribution of dredged material for Channel to Palacios. 

STARTING CHANNEL STATION ENDING CHANNEL STATION PLACEMENT AREA 

APPROACH CHANNEL 

0+00 5+01 13 

MUNICIPAL BASIN 

0+00 11+30 13 

MAIN CHANNEL 

0+65 50+00 13 

50+00 100+00 13 

100+00 150+00 13 

150+00 200+00 12 

200+00 250+00 11,12 

250+00 300+00 11 

300+00 350+00 9,10 

350+00 400+00 8,9 

400+00 450+00 7,8 

450+00 500+00 6,7 

500+00 550+00 6 

550+00 600+00 5,6 

600+00 650+00 4,5 

650+00 700+00 3,4 

700+00 750+00 3 

750+00 800+00 2 

800+00 854+60 1 

Between 1964 and 1995, the inlet width decreased by approximately 
9,500 ft. Since then, the inlet has been relatively stable. It may have 
reached a semi-equilibrium state in which the inlet width changes with 
seasonal fluctuation and widens slightly in winter. 

Sediment in and around the pass is primarily sand and muddy sand 
associated with the flood-tidal delta and grades bayward into sandy mud. 
However, the quantity of material coming into the system or vice versa has 
not been quantified although several studies have been established to look 
at the stability of the pass. Historically, the pass has reduced in size 
dramatically, although it appears to have reached a fairly stable equilibrium 
in recent years. Recent aerial imagery from 2008 to 2011 (Figures 10 to 12) 

indicates there is an area of accretion just inside the pass to east side, a flood 
shoal. It also appears that the shoreline front of the peninsula is accreting. 
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Figure 10. Pass Cavallo in 2008. 

Figure 11. Pass Cavallo in 2009. 
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Figure 12. Pass Cavallo in 2011. 

2.5.13 Greens Bayou 

Greens Bayou, located across the Matagorda Peninsula, is a storm channel 
that opens only during hurricanes. The approximate location of Greens 
Bayou is shown previously in Figure 3. It typically functions as an inlet for 
a few months following the storm and then recloses. 

2.5.14 Sediment Accretion on the Bay Side of Matagorda Peninsula 

From historic aerials, the bay shores of Matagorda Peninsula have been 
accreting at a significant rate. The sediment source is unknown; likely 
candidates include placement areas contingent to the GIWW and sediment 
from the re-diverted Colorado River delta, which has prograded across 
Matagorda Bay. The sediment on the Bayside of the barrier island is 
primarily sand with some deposits of mud (McGowen et al. 1979). If the 
accreted sediment on the Bayside of the island is in fact primarily sand, 
then the source may be from overwash from the Gulf of Mexico, or the 
accreted sediment could have been transported from Pass Cavallo or the 
MSC entrance. Because both MSC entrance and Pass Cavallo are now 
more stable, the rate of Bayshore accretion could decrease. 
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2.5.15 Mouth of the Colorado River 

The Colorado River was rerouted to Matagorda Bay by the SWG in 1992 to 
supply fresh water to the Bay. The rerouted river is one of the primary 
sources of fresh water flow and sediment into the Matagorda Bay system. 
Aerials indicate that a delta began forming almost immediately in 
Matagorda Bay after the diversion occurred (Figures 13 to 15). The delta is 
likely a significant source of muddy material into the system. The amount 
of sediment contributed to the system is unknown but significant. 

2.6 Matagorda Nautical Depth 

2.6.1 Background 

Fluid mud flow up the MSC was observed from survey data. Hydrographic 
surveying on waterways containing fluid mud, a.k.a. fluff, compared to more 
consolidated bottom materials like sand can pose difficulties in determining 
where the channel bottom actually lies. The acoustic reflection of conven
tional hydrographic surveying equipment used to measure water depth may 
not necessarily identify a depth within the fluid mud column that charac
terizes a nautical bottom. The term nautical bottom is defined by the 

Figure 13. Pre re-route in 1990. 
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Figure 14. Post re-route in 1995 - formation of delta evident in Matagorda Bay. 

Figure 15. Re-routed Mouth of the Colorado River in 2011. 

Permanent International Association of Navigation Congresses (PIANC 
1997) as "the level where physical characteristics of the bottom reach a 
critical limit beyond which contact with a ship's keel causes either damage 

ED_013073_00000013-00033 

23 



ERDC/CHL TR-13-10 

or unacceptable effects on controllability and maneuverability." With 
nautical bottom defined as such, the term nautical depth (PIANC 1997) is 
defined as "the instantaneous and local vertical distance between the 
nautical bottom and undisturbed free water surface." 

The USACE presently has no standardized method to measure the fluid 
mud to determine nautical depth. The Engineer Manual 1110-2-1003 
Hydrographic Surveying (USACE 2003) states "when the upper sediment 
layer is not well consolidated, the three major depth measurement 
methods used in the Corps (sounding pole, lead line, and acoustic echo 
sounding) will generally not correlate with one another, or perhaps not 
even give consistent readings from one time to the next when the same 
type of instrument or technique is used." This ambiguity in determining 
depth has hindered the USACE optimization of maintenance dredging in 
navigation channels with significant amounts of fluid mud. 

An operational definition of nautical bottom in areas of fluid mud based on 
density or other rheological parameters has reduced maintenance dredging 
costs in Europe (De Meyer and Malherbe 1987; Herbich et al. 1989; Teeter 
1991) and allowed the use of innovative dredging techniques such as 
sediment conditioning where the fluid mud is pumped into a modified 
hopper, conditioned (oxygenated and mixed to reduce viscosity and yield 
strength), then returned to the bottom (Wurpts 2005; PIANC 2008). 

2.6.2 Physical Characteristics of Fluid Mud 

As defined by McAnally et al. (2007) "fluid mud is a high concentration 
aqueous suspension of fine grained sediment in which settling is 
substantially hindered by the proximity of sediment grains and floes, but 
which has not formed an interconnected matrix of bonds strong enough to 
eliminate the potential for mobility, leading to a persistent suspension." 
Therefore, the fluid mud can be characterized as suspensions with density 
gradations that are slightly greater than that of the overlying water in its 
upper layers. To set a frame of reference of density values, work conducted 
by Krone (1963) was modified to illustrate the relation of bulk density and 
solids concentration relative to concepts such as turbidity, fluid mud (high 
and low density), and typical bottom sediments in Table 14. 
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Table 14. Ranges of bulk densities and solids concentrations (modified after Krone 1963). 

L¢w Cll!n~ity 
FMJ!Cl MUD 
Hieb o~mdtv 22s ., soc 1Ji4© • 1s:u. 

A.si>wnes Solids - 2.65 g,h:rn' 

\Nater -1,tJOti g/cm' 

While density and viscosity are related, that relationship can be complicated 
by other factors (Teeter 1992). The factors include (PIANC 1997) the 
following: 

• stress history 
• sand content 
• particle diameter 
• clay mineralogy 
• rate of deformation (shear rate) 
• percentage of organic material 
• water chemistry (especially pH, salinity, etc.) 

Because of the variability in these factors from site to site, fluid mud 
rheological properties can vary significantly in different locations. Herbich 
et al. (1989) conducted a survey of US ports and USACE Districts to 
evaluate the number of harbors and channels experiencing fluid mud 
conditions and determined that "a high percentage of responses clearly 
indicated that many US ports experience fluid mud problems and presently 
no uniform procedure to accurately define the channel depth is practiced." 

2.7 Dredging Project Challenges with Fluid Mud 

The presence of fluid mud in the navigation channel can present challenges 
to conventional hydrographic surveying methods and equipment in 
accurately and precisely determining where the channel bottom is. As 
indicated by Kirby et al. (1980 ), the static suspension time-dependant 
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properties control their respective detection by echo sounding and affect the 
following critical dredging project management aspects: 

• measurement of navigable depths 
• measurement of dredging required 
• increases in depth achieved by dredging 
• timing of dredging 

This ambiguity in determining depth has hindered the USACE optimization 
of maintenance dredging in fluid mud areas. An operational definition of 
the nautical channel bottom in areas of fluid mud based on density or other 
rheological parameters could reduce maintenance dredging costs (De Mayer 
and Malherbe 1986; Herbich et al. 1989, 1991; Teeter 1992). Herbich et al. 
(1989) report that the navigable or nautical depth concept is practiced 
unofficially in many US ports as the pilots guide ships through channels that 
contain fluid mud layers. 

2.7.1 Hydrographic Surveying Challenges 

Hydrographic surveying in areas with fluid mud often results in 
ambiguous depth measurements due to effects on mechanical (lead line) 
and acoustic measurement techniques. The USACE recognized these 
effects as early as 1954 and attempted to determine navigable depth by 
correlating depths measured by lead lining and echosounding. 

Laboratory and field tests were conducted with variously sized and shaped 
lead lines in fluid mud and compared to depths recorded by echosounding. 
The effort focused on attempting to (1) formulate recommendations for 
better sounding lead shape and procedures, (2) confirm the large range of 
depth values that can be measured at same station, (3) show range of 
variables that affect soundings, and (4) indicate the highly subjective 
nature of depth values determined from lead line soundings. 

2.7.2 Conventional Acoustic (Echosounding} Depth Measurement 

Acoustic echo sounding is the method most commonly used to measure 
depths in USACE navigation projects. Measurement of water depth was 
primarily done by lead line until development and implementation of 
single beam echo sounders in the 1930s, that ultimately became the 
dominant hydrographic surveying technology used today. However, it is 
difficult to determine the depth with fluid mud. Depth measurement 
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variations for acoustic echo sounding in fluid mud result from surface 
reflectivity, density, signal/noise levels, receiver sensitivity, and 
transducer frequency (USACE 2003). 

Hydrographic surveys are usually conducted with either a high or low 
frequency transducer (such as 24 and 200 kHz) or a combination of both 
frequencies (a duo-frequency system). The depth in fluid mud that an 
acoustic pulse reflects from is a function of the sharpness of fluid mud 
density gradient (or rate of change in density) not a specific density value 
itself (USACE 1954). Attenuation of acoustic energy is directly 
proportional to its frequency. The high frequency energy will normally 
reflect from the upper layer of the reflective material, even a very low 
density one, while the lower frequency depth sounders will penetrate to a 
lower depth than the higher frequency at the same transmitting power 
level and receiver sensitivity as shown in Figure 16. 

Figure 16. Depth measurement variations over hard and 
soft bottoms (USACE 2003). 
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High-frequency echo sounders (200+ kHz) can reflect off the water/muddy 
water interface, and (given transmit and sensitivity settings are comparable) 
the lower frequency echo sounders can reflect off a density gradient (or 
density gradients) deeper in the fluid mud layer. This phenomenon is 
illustrated in Figure 17 that shows acoustic returns from a dual frequency 
echo sounder used by the Mobile District (41 and 200 kHz). The high 
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frequency return is being reflected from the water/muddy water interface, 
and the low frequency return is reflected from a density gradient deeper in 
the fluid mud layer. 

Figure 17. Duo frequency echo sounder returns (black- 41 kHz, red -
200 kHz) in Gulfport Ship Channel. 

2.8 Sediment Budget 

The sediment budget (Figure 18) investigated in this report focuses on the 
inner bay system and does not extend beyond the MSC Entrance Jetties. 
Therefore, shoreline response and longshore sediment transport along the 
Matagorda Peninsula were not included within this study. 

Because oflack of quantified information, many assumptions had to be 
made which should be researched further to verify and refine the numbers 
in this sediment budget. The following is a list of the assumptions made to 
create the sediment budget: 

1. Fluid mud flow up the MSC was observed from survey and field data. The 
actual quantity that fluctuates up and down the navigation channel is 
unknown. In the present study, numerical modeling was used to provide 
an indication of the patterns of fluid mud flow but did not quantify the 
amount of fluid mud that flowed in the channel. 

2. Fluid mud appears in the Channel to Palacios. The primary reason for 
assuming the infilling of fluid mud is the amount of material that 
accumulates at the upper portion of the channel. It was assumed that 
20 percent of fluid mud flow moves from cell to cell. 
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3. Volumes of fine sediment contributing to the system from the Lavaca 
River and Garcitas Creek are substantial according to historic documents 
(including the original design documentation for the MSC). Sediment from 
Lavaca River is approximately 700,000 cy /yr with approximately 500,000 

cy /yr contributing to upper MSC. Because sediment from Garcitas Creek is 
not quantified, it was assumed to be 250,000 cy /yr with approximately 
150,000 cy /yr contributing to the Channel to Port Lavaca. 

4. For the MSC, it was known that recirculation from open water placement 
areas adjacent to the channel was contributing to sedimentation in the 
channel but the percentage of material recirculating was unknown. In the 
areas where more recirculation was evident, 20 percent of material placed 
yearly was assumed to recirculate to the channel. In the areas where less 
recirculation was evident, it was assumed that 10 percent of the material 
was recirculated. 

5. The amount of sediment infilling the MSC and Palacios Channel from 
adjacent bays is not quantified. The amount of sediment infilling the 
channel from the bays was estimated by trial and error and solving the 
channel cells to determine the amount of fill needed to balance the cell. 

6. The sediment budget investigation in this effort involves many 
uncertainties and unknowns that need to be researched to better estimate 
sediment movement. It is unclear what the quantity of sediment infilling is 
in the MSC in terms of fluid mud versus sedimentation from the bay 
versus recirculation from the placement areas. This sediment budget was 
intended to evaluate the alternatives to reduce the sediment shoaling in 
the upper reaches of the MSC. 
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3 Coastal Modeling 

A development version of the USA CE Coastal Modeling System (CMS) 
numerical models (Demirbilek and Rosati 2011) was applied in Matagorda 
Bay. The model results were used to qualitatively illustrate the mixed-size 
sediment transport driven by waves and currents. This chapter describes 
the model setup, calibration, and limited results for the existing conditions. 
Model results were evaluated in detail to help visualize sediment transport 
sources, sinks, and pathways. Based on these qualitative results, alternatives 
were developed within the coastal process and engineering activity 
framework described in Chapter 2. 

The CMS was developed under the Coastal Inlets Research Program at 
ERDC and has been validated and verified for waves, currents, sediment 
transport, and morphologic change for coastal inlet systems (Demirbilek 
and Rosati 2011; Sanchez et al. 2011a, 2011b). It can calculate sediment 
transport and morphology change under combined current and wave 
condition by coupling a hydrodynamic model, CMS-Flow, and a wave 
transformation model CMS-Wave through a coupling module operated in 
the Surface-water Modeling System (Zundel 2006). 

3.1 Model description 

CMS-Flow is capable of solving the two-dimensional (2D) flow mass 
conservation and hydrodynamics based on the depth-integrated continuity 
and momentum equations (Sanchez et al. 2011a, 2011b; Buttolph et al. 
2006). The model is forced by changes in water levels (e.g., from tide) 
along the seaward boundary, flow discharge at the river boundary, wind 
input field, and wave stresses on the water surface. Physical processes 
pertinent to the present study calculated by the flow model are the time
dependent current field, water surface elevation, sediment transport, and 
morphology change. 

CMS-Wave is a 2D full-plane, steady-state wave spectral transformation 
model that solves the wave energy balance equation to calculate wave field 
properties (Lin et al. 2008). It contains theoretically derived formulations 
for combined wave diffraction, refraction, reflection, and wave-current 
interaction. The model is robust and practical for wave simulations at 
coastal inlets with navigation channels, jetties, and breakwaters. In coastal 
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inlet applications, it is more efficient to run CMS-Wave on a half-plane 
mode such that primary waves can propagate only from the seaward 
boundary toward shore. 

In the coastal region, where surface waves can play a major role in littoral 
processes, the influence of waves to flow and sediment transport is 
calculated through coupling CMS-Flow and CMS-Wave. The CMS-Flow 
model used in the present study is a development version that includes the 
cohesive sediment transport for the calculation of mixed sediment 
transport and pathways. This CMS-Flow developmental model is not 
available in the public release version. 

3.2 Model domain 

A CMS rectangular grid with variable cell-spacing was developed for 
sediment transport modeling of Matagorda Bay. The model domain covers 
the entire bay with navigation channels connecting the Intercoastal 
Waterway and the Gulf of Mexico. The CMS grid extends 43 miles (70 km) 
alongshore and 45 miles (72 km) cross-shore approximately parallel to the 
ship channel with the southern offshore boundary reaching to the 69-ft 
(21 m) isobath. Figure 19 shows the model domain which has 153 x 
324 cells with variable cell spacing of 82 ft (25 m) at the bay entrance and 
5,250 ft (1,600 m) at the corner of offshore boundary. In general, CMS
Flow and CMS-Wave are not required to run on the same grid. However, 
in many applications, it is convenient to maintain just one model grid. In 
the present modeling of Matagorda Bay, both CMS-Flow and CMS-Wave 
use the same rectangular grid. 

3.3 Simulation period and model forcing 

The model simulations were conducted for a half-year period from 
September 2006 to February 2007 that represents a typical fall to winter 
condition. The channel surveys conducted in September 2006 and 
February 2007 showed a rapid accumulation of fluid mud in the upper 
ship channel, on average 3- to 6-ft (i.o to 2.0 m) buildup. 

The time series of water levels specified along the offshore boundary was 
interpolated from two NOAA coastal Stations: 8771510 at Galveston 
Pleasure Pier (29° 17.1' N; 94° 47.3 W) and 8775870 at Bob Hall Pier, 
Corpus Christi (27° 34.8' N; 97° 13' W). Figure 20 shows the hourly water 
level measurements from September 2006 to February 2007 at two NOAA 
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stations, 8775870 and 8771510. The water level data show stronger 
variation at the Galveston Pleasure Pier than at Bob Hall Pier as the open 
coast water levels at Galveston Pleasure Pier are influenced by stronger 
winds or stronger metrological tides in the fall and winter seasons. Figure 21 
shows the wind data (magnitude and direction) collected from September 
2006 to February 2007 at two NDBC coastal buoys 42019 offshore 
Galveston (27° 54.8' N; 95° 2i.1' W) and 42020 offshore Corpus Christi (26° 

58' N; 96° 4i. 7' W). These wind data show similar wind magnitude at 
offshore Galveston and Corpus Christi in the fall and winter seasons. 
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Figure 19. CMS Bathymetric grid of Matagorda Bay. 

33 



ERDC/CHL TR-13-10 34 

Figure 20. Time series of water levels at NOAA Stations 8771510 (Galveston Pleasure Pier) and 8775870 
(Bob Hall Pier) for September 2006 to February 2007. 
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Figure 21. Time series of wind data at NDBC Buoys 42019 (Freeport) and 42020 (Corpus Christi) for 
September 2006 to February 2007. 
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Local wind data were available from NOAA Station 87737011 at Port 
O'Connor (28° 26.8' N; 96° 23.8' W) in the southwest corner of the bay. 
Figure 22 shows the wind information collected from September 2006 to 
February 2007 at Station 87737011 and NDBC Buoy 42019. The wind 
direction is similar at NOAA Station 87737011 and NDBC Buoy 42019. The 
wind magnitude at NOAA Station 87737011 is overall smaller than at 
NDBC 42019 as the wind at Station 87737011 is more influenced by land 
and bay effects than the Buoy 42019 wind in the open coast. 

River daily discharge data for Lavaca River were available from USGS 
Station 8164000 at Edna (28° 55' N; 96° 46' W) approximately 14 mile 
(24 km) north of Lavaca Bay. The Station 8164000 flow rate data were 
applied as river boundary conditions for Lavaca River and Garcitas Creek 
discharge into the upper Lavaca Bay. The river flow data for Colorado River 
were available from USGS Station 08162500 (28° 58' N; 96° 01' W) near 
Bay City. Figure 23 shows the river flow data collected at USGS Stations 
81625000 and 8164000 from September 2006 to February 2007. Because 
Colorado River has a much larger watershed area than Lavaca River, the 
flow discharge at Colorado River is usually much greater than Lavaca River. 

Figures 24 and 25 show the time series of wave data collected at Buoy 
42019 offshore Galveston from September to December 2006 and January 
to February 2007, respectively. The directional wave data collected at 
Buoy 42019 are used for the incident wave conditions along the CMS
Wave offshore boundary. 

3.4 Matagorda Bay Sediment Characteristics 

In the modeling area outside Matagorda Bay along the Gulf coast of 
Matagorda Peninsula and barrier islands, the sediment content is 
primarily fine sand with a median grain size range from 0.15 mm to 
0.22 mm. At the MSC Gulf entrance, the narrow inlet constraint has 
caused the channel to self-scour, and the bed is characterized by gravels 
and small rocks as a result of strong current in the channel. The sediment 
at Pass Cavallo is overall coarser than the average sediment on the 
neighboring beaches because of stronger current through the inlet. 

Sediment in Matagorda Bay is mixed, having more sand near the MSC 
Gulf entrance, Pass Cavallo, and south of GIWW. More silt and clay are 
found in the northern and eastern bay as fine sediment was supplied from 
Palacio Bay, Carancahua Bay, and Colorado River. The sediment in 
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Figure 22. Time series of wind data at NDBC Buoy 42019 (Freeport) and NOAA Station 87737011 (Port 
O'Connor) for September 2006 to February 2007. 
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Figure 23. Time series of Lavaca River flow rate data collected at USGS Station 8164000 (Edna, Texas) for 
September 2006 to February 2007. 
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Figure 24. Time series of significant wave height, peak wave period, and spectral peak mean direction from 
Buoy 42019, September to December 2006. 
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Lavaca Bay is primarily cohesive material that comes from Lavaca River 
and Garcitas Creek. Because Lavaca Bay is geologically isolated in the 
northwestern corner of Matagorda Bay, the fine sediment inside Lavaca 
Bay is basically trapped and rarely is transported to Matagorda Bay. 
During fall and winter months, fluid mud is often observed in the upper 
MSC as induced by strong wind and wave motion in the Lavaca Bay. The 
rapid accumulation of fluid mud in the MSC has required more frequent 
dredging cycles in recent years. Figure 26 shows the different median 
grain size used in the present sediment modeling in Matagorda Bay. 
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Figure 25. Time series of significant wave height, peak wave period, and spectral peak mean direction from 
Buoy 42019, January to February 2007. 
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3.5 Modeling Results 

The model simulations were conducted for a half-year period from 
September 2006 to February 2007. Figure 27 shows the comparison of 
calculated and measured water levels at Port O'Connor, NOAA 
Station 87737011, for September 2006 to February 2007. 

Figures 28 and 29 show typical strong current fields calculated by coupling 
CMS-Flow and CMS-Wave for flood and ebb conditions, respectively. 

The development version of the CMS used includes the option to calculate 
sediment transport for cohesive (silt and clay) and non-cohesive (quartz 
sand) sediments individually or for combined cohesive and non-cohesive 
sediments. The detail of method and equations for sand transport in CMS is 
provided in the report by Buttolph et al. (2006). 
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Figure 26. Median Grain Size distribution for Matagorda Bay sediment modeling. 
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The cohesive sediment transport algorithm in the CMS explicit model 
assumes sediment transport occurs only as suspended load; thus, no bed 
load transport is included. The algorithm is based on the scalar transport 
equation with empirical formulas for erosion, deposition, and settling 
speed. The scalar transport equation for the cohesive sediment is 
expressed as (Mehta 1993) 
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Figure 27. Measured and calculated water levels at NOAA Station 8771431. 
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Figure 28. Typical strong flood current field calculated by CMS. 

Figure 29. Typical strong ebb current field calculated by CMS. 
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where: 

t = time 
x,y = horizontal coordinates 
C = volume concentration of suspended sediment 

K x = eddy viscosity in x-direction 

KY = eddy viscosity in y -direction 

a = scaling coefficient for momentum and sediment dispersion 
E = sediment erosion rate 
D = sediment deposition rate. 

The formulations for E and D are given (Mehta et al. 1989; Parthenaides 
1962) as follows: 

where Tb is the bottom stress, 7:ce is the critical stress for erosion, T cd is 

the critical stress for deposition, and w is the sediment settling velocity. 

If there are no waves present, the bottoms stress is calculated as 

T = p + U 2 
b B Jc 

where U is the flow speed, p is the water density, and j~ is the friction 

coefficient, defined as follows (van Rijn 1993): 

where d is the water depth. 
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If waves are present, the wave contribution is as follows: 

Tw = ~fwUw2 

where U w is the wave bottom orbital velocity and fw is the friction 

coefficient for wave motion: 

ii - 0.0521 
w - (Re + 100 )°"187 

The combined bottom stress is 

The sediment-settling velocity is specified by parameters cp and cm to 

represent the effects of flocculation and hindered settling, respectively, 
and Wm for the maximum settling velocity (Van Rijn 1993; Thorn 1981): 

(4) 

(5) 

(6) 

(7) 

Ideally, suspended and bedload sediment measurements throughout the 
bay would be available to calibrate and validate a mixed-sediment 
transport model. However, these types of data were not available for this 
study; thus, anecdotal information based on knowledge of river inflows 
and the type and magnitude of sediment shoaling in the channel were used 
as qualitative calibration information. As discussed previously, 3 to 6 feet 
(1 to 2 m) of fluid mud shoaled in the upper MSC in the 6-month period 
between September 2006 and February 2007. Figures 30 and 31 show the 
calculated sediment accretion/erosion fields for cohesive and non
cohesive material, respectively, for this 6-month period of September 
2006 to February 2007. 

The model calculations agree with observations in that deposition in the 
upper MSC has more cohesive sediment than non-cohesive sediment, and 
the magnitude of deposition is comparable to the measurements for this 
period. Figure 32 shows the calculated sediment accretion/ erosion field 

ED_013073_00000013-00055 

45 



ERDC/CHL TR-13-10 

for the combined (mixed) cohesive and non-cohesive sediment for the 
period from September 2006 to February 2007. 

Figure 30. Calculated cohesive sediment accretion/erosion, September 2006 to February 2007. 
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Figure 31. Calculated non-cohesive sediment accretion/erosion, September 2006 to February 2007. 
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Figure 32. Calculated mixed-sediment accretion/erosion, September 2006 to February 2007. 
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4 Alternative Formulation and Analysis 

Based on channel surveys and field data collection in the past, four 
alternatives were selected for detailed evaluation through numerical 
modeling. This Chapter describes the alternatives selected, results of the 
analyses, and recommendations for each alternative. 

4.1 Alternatives Selected for Analysis 

Four alternatives were considered to reduce the sediment accretion in the 
upper MSC: 

1. A confined Artificial Island (AI) south of Port Comfort to contain the 
dredged material from the upper channel 

2. Extension of the geotube east of the upper channel to close the gaps 
between dredged material placement areas; the geotube was assumed to 
have a diameter of 12 ft (3. 7 m) 

3. Three new placement areas (New P As) west of the navigation channel 
4. Application of nautical depth concept and higher resolution survey 

techniques 

Figure 33 shows the conceptional layout and configuration of Alternatives 
1-3. The confined AI (Alt 1) has approximately 640 acres for the maximum 
placement of 10 million cy (mcy) of consolidated sediment. The extended 
geotube (Alt 2) is 2.5 miles (4 km) long with an elevation of 3 ft (1 m) MSL. 
Each of the three New PAs (Alt 3) is a rectangular area of o.6 mile (1 km) 
by 0.2 mile ( 0.35 km) and is submerged with a minimum depth of 2 ft 
(o.6 m) MSL. 

4.2 Alternative Analysis 

Modeling of Alternatives 1-3 was performed by modifying the existing 
CMS grid for each alternative and running a simulation for the 6-month 
period from September 2006 to February 2007. The cumulated sediment 
volume change was compared in three channel sections: Reach 1, Reach 2 
and Reach 3 (Figures 34 - 37). Alternative 4, the application of nautical 
depth concept and higher resolution survey techniques, was not modeled 
but will be discussed in general terms in this section. 
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Figure 33. Three alternatives: 1) Artificial Island, 2) Geotube, 
3) New Placement Areas. 
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Figure 34. Calculated 6-month morphology change for the existing 
configuration. 
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Figure 35. Calculated 6-month morphology change for the Al alternative. 
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Figure 36. Calculated 6-month morphology change for the Geotube alternative. 
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Figure 37. Calculated 6-month morphology change for New PA alternative. 

Figure 34 shows the calculated 6-month morphology change fields 
(September 2006 to February 2007) in the upper channels for the existing 
configuration. Reach 1 had the largest volume of material movement in the 
channel with 2.04 mcy (wet volume or wet bulk sediment) being deposited 
in this 6-month period. The total deposition of material for all three reaches 
was 3.84 mcy (wet volume). 

4.2.1 Analysis of Artificial Island Alternative 

Figure 35 shows the calculated 6-month morphology change fields in the 
upper channel region with the AI alternative (Alt 1) in place. The AI 
alternative decreased the shoaling in this section of the channel by 7 
percent, resulting in the deposition of 3.58 mcy (wet volume) of material 
during the 6-month period. 

4.2.2 Analysis of Geotube Alternative 

Figure 36 shows the calculated 6-month morphology change fields in the 
upper channel region for the Geotube alternative (Alt 2). The Geotube 
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alternative decreased the shoaling by 26 percent, vvith a total of 2.85 mcy 
(wet volume) of material during the 6-month period modeled. 

4.2.3 Analysis of New PA Alternative 

Figure 37 shows the calculated 6-month morphology change fields in the 
upper channel region for the New PA Alternative (Alt 3). This alternative 
decreased the shoaling by 25 percent, vvith 2.89 mcy (wet volume) of 
material during the 6-month period modeled. 

4.3 The Nautical Bottom Approach 

Section 2.6 described fluid mud characteristics and respective effects on 
conventional hydrographic surveying equipment and depth determination. 
In navigation channels vvith more consistent bottoms, e.g., sand, an 
under keel clearance (distance between the central fore-aft structural 
member in the bottom of the hull and channel bottom) is used to account 
for parameters such as ship motion from waves, squat, safety clearance, 
water density, etc., to avoid contact between ship and bottom. In channels 
vvith fluid mud, as per PIANC (1997), 

Although the upper part of the mud layer has a somewhat higher 
density than water, its rheological properties are comparable vvith 
those of water, so that a ship's hull suffers no damage when it 
penetrates this interface. Even navigation vvith an under keel clearance 
which is negative referred to the interface can be considered, which 
implies that the ship's keel is permanently in contact vvith the mud. On 
the other hand, safety of navigation requires that the pilot must always 
be able to compensate for the effects of mud on ship behavior by means 
of its own control systems or external assistance (e.g., tugs). 

An acceptable compromise between the safety of navigation and the 
cost of channel maintenance can only be reached by introduction of 
non-conventional definitions and survey methods and requires 
additional knowledge about the navigational response of ships in 
muddy water. 

To implement this alternative approach, the terms bottom and depth can 
be modified to nautical bottom and nautical depth where nautical bottom 
is defined (PIANC 1997) as follows: 
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the level where physical characteristics of the bottom reach a critical 
limit beyond which contact with a ship's keel causes either damage or 
unacceptable effects on controllability and maneuverability 

and nautical depth as 

the instantaneous and local vertical distance between the nautical 
bottom and undisturbed free water surface. 

To complete the definition of nautical bottom, the physical 
characteristic(s) on which the critical limit criterion is based and the 
criteria for acceptable ship behavior must be provided. Consequently, 
from a practical and operational perspective, implementation of a nautical 
bottom concept requires the following: 

• a practical criterion, i.e., selection of the physical mud characteristic 
acting as a parameter for the nautical bottom approach and its critical 
value; 

• a practical survey method for continuous determination of the accepted 
level; 

• a minimum value for the required underkeel clearance with reference 
to this nautical bottom, ensuring a minimal risk for contact with the 
latter and acceptable ship behavior; 

• the knowledge of ship behavior, i.e., measures to compensate adverse 
effects on controllability and maneuverability (PIANC 1997). 

Under the DOER Program and the Monitoring Completed Navigation 
Projects Program, the ERDC is currently working with the USACE Mobile 
District to incorporate the four implementation requirements above. 

4.3.1 SllAS/RHEOTUNE Survey System demonstration 

The SILAS and RHEOTUNE are components of a hydrographic survey 
system for operation in fluid mud conditions. During 7-8 September 2008, 

this system was demonstrated at the upper MSC. This section summarizes 
why the demonstration was conducted and describes the demonstration 
activities and types of data collected. 

As previously described, acoustic hydrographic surveys are usually 
conducted with either high frequency (approximately >200 kHz) or low 
frequency (approximately< 30 kHz) transducers, or a combination of both 
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frequencies (a dual-frequency system). The depth in the fluid mud column 
that an acoustic pulse reflects from is a function of the sharpness of fluid 
mud density gradient (or rate of change in density), not a specific density 
value itself (USACE 1954). Attenuation of acoustic energy is directly 
proportional to its frequency. The net result is that the high frequency 
energy will normally reflect from the upper layer of the reflective material, 
even a very low density one, and the lower frequency transducer will 
reflect from a lower layer if that layer has a higher acoustic reflectivity than 
the upper one. These reflections are illustrated in Figure 38 (uncorrected 
for tides) showing a dual frequency echogram of Station 95+00 cross
section transect in the MSC, in which red can be interpreted as the upper 
fluid mud layer and blue as the channel bed. These interactions between 
reflected acoustic energy and fluid mud physical characteristics can result 
in ambiguous depth determinations. If depth is determined from the first 
reflections from the upper fluid mud layer, the physical characteristics of 
this fluid mud may be similar to muddy water. This condition would not 
pose a hazard to navigation and would lead to inefficient dredging. 

Figure 38. Dual-frequency echogram of Matagorda Ship Channel Station 95+00 . 

................................ ,J.tL'.i 

The SILAS/RHEOTUNE system was demonstrated in the upper MSC in 
conjunction with a conventional duo-frequency echosounder to determine 
the presence of fluid mud, train ERDC personnel on the use of the survey 
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system, and also fundamentally demonstrate the respective field data 
collection capabilities in the system. 

The RHEOTUNE Silt Density Probe is used to measure density and yield 
strength of fluid mud in dredged and disposal areas and to determine 
nautical depth in navigation channels. The probe is lowered from the 
survey vessel and measures the density of the water and fluid mud profile 
as a function of depth (Figure 39). 

Figure 39. RHEOTUNE density vs. depth profile 
(Matagorda Ship Channel Station 97+00). 

The SILAS software was developed for the acquisition and processing of 
acoustic subbottom reflection signals operating in the low frequency range 
of 3.5 to 33 kHz to map sediment distribution and sediment characteristics. 
By calibrating reflection signals with input from the RHEOTUNE density 
probe, SILAS can be used to acoustically measure density in the fluid mud 
column. 
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4.3.2 Data Collection 

Figure 40 shows the RHEOTUNE profiling locations. SILAS transects 
were run (example shown in Figure 41), but the data was not analyzed to 
determine specific density horizons. An example of SILAS data analyzed 
for Gulfport (Mississippi) Ship Channel is illustrated in Figure 42. The 
most commonly used definition of nautical depth world-wide is i.20 g/ cc 
(i.20 g/cm3). 

These improved technologies, such as SILAS/RHEOTUNE Survey System, 
would better classify the dredged material sediment types within the 
channel and give a more accurate identification of the channel material 
such as fluid mud. Identification of fluid mud could result in fewer vessel 
draft restrictions allowing continued vessel movement that historically had 
been restricted. These changes in the operation of the channel with the 
SILAS/RHEOTUNE surveying system could result in an increase of 
several feet of useable channel depth. Additionally, a reduction in the 
quantity of dredged material may occur. Note that a small reduction in 
dredged material along the entire length of channel would translate into a 
significant decrease in dredged material requirements for the project. 

Figure 40. RHEOTUNE profile stations in the Matagorda Ship Channel. 
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Figure 41. SILAS collected echogram from Station 96+00 Matagorda Ship Channel. 

Figure 42. SILAS data analyzed for cross section in the Gulfport Mississippi Ship Channel. 
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4.4 Comparison of Alternatives 

Among the three alternatives modeled, the Geotube and New PA alterna
tives (Alts 2 and 3) work better to reduce the sediment deposition rate in the 
upper channel, resulting in about a 25 percent reduction in material deposi
tion in the reaches in the upper bay. The AI alternative (Alt 1) did not 
significantly reduce the sediment deposition in the channel reaches. 

The Geotube alternative could require maintenance over time if the 
geotube were damaged. Additionally, there could be issues with water 
circulation and the possibility of water quality problems with the use of 
geotubes or the AI because the existing water circulation may be blocked 
by these alternatives. 

Modeling shows that relocating the placement areas to the west side of the 
channel reduces the deposition rate in the upper channel. In this 
modeling, the new P As were considered erodible while the existing P As 
were not erodible. Unless the existing P As were armored or the existing 
material was moved to another location, it is expected that the existing 
PAs would affect the channel shoaling in the short term as they continued 
to erode. This impact was not captured in the modeling. However, in the 
long term, since no additional material would be added to these existing 
P As, it is expected that they would eventually stabilize, and the channel 
shoaling would decrease. Additionally, this new configuration is not 
expected to significantly change the circulation in this area of the bay 
because the PAs are submerged. 

4.5 Conclusion 

Table 15 presents the summary of the calculated cumulated sediment 
volume change for the existing configuration and three alternatives in the 
period of September 2006 to February 2007. 

The model results show more sediment accretion in Reach 1 and 2 than 
Reach 3. The Geotube and New PA alternatives have smaller sediment 
accumulation than AI and the existing configuration. Comparing to the 
existing configuration, the total percent reduction in Reach 1 - 3 for AI, 
Geotube, and New PA alternatives is -7, -26, and -25, respectively. A 
combination of AI or Geo tube with New PA alternatives may further 
reduce the sediment accumulation rate in the upper channel. 

ED_013073_00000013-00069 

59 



ERDC/CHL TR-13-10 

Table 15. Cumulated sediment volume change (mcy, wet volume). 

Configuration Reach 1 Reach 2 Reach 3 Reach 1-3 % Reduction 

Existing Condition 2.04 1.33 0.47 3.84 

Artificial Island 1.90 1.24 0.44 3.58 -7 

Geotube 1.00 1.44 0.41 2.85 -26 

New PA 1.10 1.35 0.44 2.89 -25 

The demonstration project for the use of nautical depth and surveying 
changes in Matagorda Bay identified the possibility of altering the 
operation and maintenance procedures for this channel to allow for 
additional channel draft when there is a constraint to dredging. 
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5 Recommendations 

5.1 Alternative Selection 

Based on the field data investigation and numerical modeling of 
alternatives, the RSM Team from SWG and CHL developed a plan for 
implementation of recommendations. Of the three alternatives, the Geotube 
alternative and the relocation of the placement areas to the west side of the 
channel significantly reduced channel shoaling in the upper reaches of the 
bay. This reduction for either alternative was about 25 percent, which is 
enough to possibly lengthen the time between dredging cycles in this area. 

The Geotube alternative may affect the bay circulation, which could pose 
environmental issues. Additionally, it could require maintenance after 
storm events or if it is damaged. The relocation of the placement areas 
should not cause circulation issues in that they are submerged. Therefore, 
the RSM Team recommended the relocation of the placement areas as the 
plan to continue into the implementation phase. 

Improved surveying technologies such as SILAS/RHEOTUNE Survey 
System, described in Chapter 4, could also be utilized to better classify the 
dredged material sediment types within the channel. These technologies 
would allow a more accurate identification of the channel material such as 
fluid mud. If the material is fluid mud, there could be fewer vessel draft 
restrictions than have been in the past. Using the SILAS/RHEOTUNE 
surveying system could result in an increase of several feet of useable 
channel depth. Additionally, a small reduction in the depth of material 
dredged from the channel could result in a significant decrease in dredged 
material placement requirements when translated along the entire length of 
channel. 

Another technology that could be used is RoxAnn GD-A, an acoustic 
ground discrimination system for use by the hydrographic survey industry 
and scientific community (www_x~gfl_o_orny;;tm:m;_,r,i;i_m/r_Q_)(i;l.DD_,_~_t_rn). It determines the 
material on the surface of the seabed by analyzing the echo signals from 
the transducer of a conventional sounder, measuring both a roughness and 
hardness coefficient which, when combined, uniquely identify the type of 
seabed material beneath the vessel. Analysis is carried out in real time. It 
has been used extensively for bathymetric and bottom type classification. 
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5.2 Plan Implementation 

To implement the recommendations to relocate the placement areas to the 
west side of the channel in the upper reach of the MSC, additional studies 
are necessary. The current MSC dredging plan was identified in the latest 
Dredged Material Management Plan (DMMP) and the environmental 
impacts of the plan were coordinated through the National Environmental 
Policy Act (NEPA) process. Changes to any of the components of the 
DMMP, including relocation of the placement areas, would require a new 
DMMP and environmental coordination and could result in a new 
Environmental Assessment of the dredging plan changes. 

The procedure for updating a DMMP is to analyze the existing dredging 
plan in a Preliminary Assessment report, which identifies whether the 
current dredged material plan adequately covers the needs for the channel. 
However, due to the nature of the placement areas for the MSC being 
open-water disposal, the placement areas have nearly unlimited capacity. 
Therefore, the current disposal plan adequately covers the channel needs 
for the 20-year period of analysis required with a Preliminary Assessment 
and a Preliminary Assessment is not needed. It is recommended that a 
DMMP study be initiated to further investigate and incorporate the 
recommended alternatives for MSC presented in this report. This is the 
route required to allow the relocation of the placement areas to the 
western side of the channel. Any changes in surveying techniques can be 
pursued under the current authority to maintain the channel and would 
not require additional study. 
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i<noelo• . .. li'ttu•<Tvoo l>oo~nn for 

Red Drum has a coastwide distribution and is known as a top 
predator. Therefore, if an adequate and available food source 

Wetland & 
is present, then the species will be present. This allows for the 

Red Drum Marsh 
assumption to be drawn that the species would be sensitive 

Sciaenops oceflatus) 
ER, CSRM 

(Saline & 
and responsive to saline and brackish wetland and marsh 

Brackish) 
habitat restoration, thus allowing for a greater benefit or "lift" to 
be gained. The HSI model habitat variables can have clear 
assumptions drawn and will effectively reflect FWP and FWOP 
conditions. 

Clapper rails inhabit estuarine tidal salt and brackish coastal 
marshes along the Gulf of Mexico. Sufficient data exists for the 

High Tidal habitat variables and all variables can be adequately 

Clapper Rail (Ral/us 
Wetland & measured. The assumption can be drawn that the species 

!ongirostris) 
ER, CSRM Marsh would be sensitive and responsive to high tidal wetland and 

(Saline & marsh habitat restoration, thus allowing for a greater benefit or 
Brackish) "lift" to be gained. The HSI model habitat variables can have 

clear assumptions drawn and will effectively reflect FWP and 
FWOP conditions. 

American Alligators predominantly use estuarine environments, 
such as the environments included in the ER project areas. 

American Alligator Freshwater 
This allows tor the assumption to be drawn that the species 

(Alligator ER, CSRM Marsh & 
would be sensitive and responsive to freshwater wetland and 

mississippiensis) Wetland 
marsh habitat restoration, thus allowing for a greater benefit or 
"lift" to be gained. The HSI model habitat variables can have 
clear assumptions drawn and will effectively reflect FWP and 
FWOP conditions 

Spotted Seatrout have a coastwide distribution. Habitat 
suitability of the species model is directly correlated with the 
percentage of submerged aquatic vegetation (SAV). This 

Spotted Seatrout 
allows the assumption to be drawn that the species would be 

(Cynoscion ER, CSRM SAV 
sensitive and responsive to habitat restoration involving SAV. 

nebulosus) 
Additionally, salinity levels and temperature ranges throughout 
ER measure project areas are within optimal ranges. The 
model variables would effectively reflect FWP and FWOP 
conditions, and would be effective indicators for measures that 
incorporate oyster reefs {i.e., living shorelines). 

Brown Pelicans have a coastvvide distribution, and the model 
variables would effectively reflect FWP and FWOP conditions. 

Brown Pelican The species model habitat variables would be effective 
(Pelecanus ER, CSRM Islands indicators for successful island restoration, and would reflect 

occidental is) the use of the island by other nesting species. Additionally, the 
species model utilizes old growth vegetation {the most stable 
vegetation), which is most ideal for island restoration. 

Least Terns have a coastwide distribution, and the model 
variables would effectively reflect FWP and FWOP conditions. 

Least Tern 
The species model habitat variables would be effective 

(sterna antillarum) 
ER, CSRM Tidal Flats indicators for successful tidal flat restoration. Least terns prefer 

to nest in areas with sparse, short vegetation close to 
extensive areas of open water. With assumptions regarding 
vegetation, all habitat variables can be measured. 

The Eastern Meadowlark is primarily found in grasslands, 
meadows. and pastures throughout the eastern and southern 

Eastern 
central United States. The species model variables would be 

Meadowlark CSRM 
Coastal good indicators for impacting or mitigation for coastal prairie 

(sturnella magna) 
Prairie habitat. All model habitat variables for the species can be 

acquired through assumptions using GIS and aerial 
photography and/or ground truthing and field work, and would 
effectively reflect FWP and FWOP conditions. 

Gulf menhaden have a coastwide distribution and use of 
estuarine and marine waters that is indicative of their tolerance 

Gulf Menhaden 
to extremes environmental factors. The assumption can be 

(Brevoortia patronus) 
CSRM Open Water drawn that the species would be sensitive and responsive to 

impacts to open water environments. The HSI model habitat 
variables can have clear assumptions drawn and will 
effectively reflect FWP and FWOP conditions. 

American Oyster 
The American Oyster will be modeled using the Swannack et 

(Crassostrea ER, CSRM 
Oyster al. (2014) model. This model is designed as a spatially explicit. 
Reefs grid-based model that calculates habitat suitability for 

virginica) 
restoration of Crassostrea virginica. 

BeachiDune habitat model will be covered by l/\IVA ERDC 
ER, CSRM Beach/ Dune Spreadsheet and will be used tor the Beach and Dune 

Restoration ER measures. 
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Common 
l.atln Name cover Type HSI Habitat Variable HSI Habitat Variable De$erlptl0n sugge$ted Methc:>d 

Name 

Optimal conditions occur when temperature ranges between 7TF-86°F. 
Existing data or field 

Mean Temperature (V1) sampling with a 
Mean temperature below 59°F is unsuitable for larval development. 

thermometer 

Existing data or field 
Optimal conditions occur when salinity levels range between 25-30 ppt 

sampling with a 
Mean Salinity (V2) during period of larval development. Salinity levels below 10 ppt are 

refractometer or salinity 
unsuitable. 

meter 

Veg. 
Percentage of Open Water Food abundance increases as the percentage of open water edge fringed Calculate by using aerial 

Substrate 
Fringed w/ Persistent 

with intertidal wetlands increases (estuarine area vegetated with persistent photographs, existing 
emergent species) in a linear fashion. Intertidal wetlands are related to maps, or LANDSAT 

Emergent Vegetation (V3) productivity and loss of wetlands results in a reduction in carrying capacity. imagery 

Optimal conditions occur when the amount of submerged vegetated cover Calculate by using aerial 
Percentage of Submerged reaches 60%. Habitat suitability decreases as the amount of cover exceeds photographs, existing 
Vegetation (V4) 75%. Submerged vegetation provides cover, but some unvegetated bottom maps, or LANDSAT Red Drum 

(Larval and Sciaenops Wetland and is necessary for feeding by larval and juvenile red drum. imagery 

Juvenile)1 ocellatus Marsh Existing data or field 
Mean Temperature (V1) 

Optimal conditions occur when temperature ranges between 7TF-86°F. 
sampling with a 

Mean temperature below 59°F is unsuitable for larval development. 
thermometer 

Optimal conditions occur when salinity levels range between 25-30 ppt 
Existing data or field 

Mean Salinity (V2) during period of larval development. Salinity levels below 10 ppt are 
sampling with a 

unsuitable. 
refractometer or salinity 
meter 

Nat. Non-

Veg Percentage of Open Water Food abundance increases as the percentage of open water edge fringed Calculate by using aerial 

Substrate Fringed w/ Persistent 
with intertidal wetlands increases (estuarine area vegetated with persistent photographs, existing 

Emergent Vegetation (V3) 
emergent species) in a linear fashion. Intertidal wetlands are related to maps, or LANDSAT 
productivity and loss of wetlands results in a reduction in carrying capacity. imagery 

Dominant Substrate (V5) 
Optimal substrate is mud, then fine sand, coarse sand, rock, and finally A core sampler or 
shell (unsuitable) several types of dredges 

Mean Depth (V6) 
Larvae and juveniles prefer water depths of 1.5-2.5 m in naturally Charts, depth finder, or 
unvegetated bottoms. sounding 
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HSI Life HSI Life HSI Habitat 
Requl$lte$ Stage Type 

Water Quality 

Food, Cover 

Larval and 
Estuarine 

Juvenile 

Water Quality 

Food 

Cover 

HSI Model Limitations & 
A$$Umption$ 

The water quality component is 
assumed to affect the larval life 
stage alone. Because red drum 
can disperse to new habitat after 
metamorphosis to the juvenile 
stage, water quality should not 
influence habitat suitability in 
areas believed to be used by post-
larval stages only. In such areas, 
the water quality component is 
dropped from the HSI equations 
presented. The HSI value is 
based on the limiting factor 
concept and equals the lowest life 
requisite value. The red drum HSI 
represents the potential of a 
habitat to support fish of this 
species. Because actual 
abundance may be determined by 
many nonhabitat factors excluded 
from this model, there may be no 
correlation between model output 
and red drum population numbers. 
The sound use of the HSI consists 
of comparison of habitat potential 
of a single area at different points 
in time or different areas at a 
single point in time. 

HSI Model 
Type 

Multiple 

HSI Model Formulas 

Estuaries with Submerged 

Vegetation: 

Water Quality (WQ) = (Slv1
2 

X 

Slv2f
3 

Food Cover (FC) = (Slv3 X 

Slv4f
2 

Rea$on$ for Reeommem:latlon 

Red Drum has a coastwide 

distribution and is known as a top 
predator. Therefore, if an 

adequate and available food 
source is present, then the 

species will be present. This 
allows for the assumption to be 

drawn that the species would be 
sensitive and responsive to 

saline and brackish wetland and 
marsh habitat restoration, thus 

HSI = WQ or FC, whichever is allowing for a greater benefit or 
lower "lift" to be gained. The HSI model 

habitat variables can have clear 
assumptions drawn and will 

effectively reflect FWP and 
FWOP conditions. 

Estuaries with little or no 

Submerged Vegetation: 

Water Quality (WQ) = (Slv1
2 X 

Slv2)
113 

Food (F) = Slv3 . Cover (C) = 

(Slvs X SlvsJ1i
2 

HSI = WQ, F, or C. whichever 
is lower 



Common 
l.atln Name cover Type HSI Habitat Variable HSI Habitat Variable oescrlptic:>n suggested Methc:>d 

HSI Life HSI Life HSI Habitat HSI Model Limitations & HSI Model 
HSI Model Formulas Reasons for Recommendation 

Name Requisites Stage Type Assumptions Type 

Salinities can be The relative importance of the Spotted Seatrout have a 
Lowest Monthly Average Winter-Spring December-May: Salinity levels of 19-38 ppt are considered optimal and determined by consulting water quality and food/cover coastwide distribution. Habitat 
Salinity (V1) levels above 45 ppt and below 5 ppt are considered unsuitable. existing data, published All Life Stages, components to the potential of a suitability of the species model is 

literature sources or, eggs and particular habitat to support directly correlated with the 
directly, by using a larvae more spotted seatrout is not known. The 

percentage of submerged aquatic 
Highest Monthly Average Summer Salinity June-September: Salinity levels of 19-38 ppt are considered optimal and refractometer, a sensitive model assumes that either 

vegetation (SAV). This allows the 
(V2) levels above 45 ppt and below 5 ppt are considered unsuitable. conductivity meter, or component can act as a limiting 

assumption to be drawn that the 
titration factor. Therefore, the HSI for 

Water Quality spotted seatrout in estuarine species would be sensitive and 

Lowest Monthly Average Winter 
December-March: Temperature range of 68°F-90°F is considered optimal Water temperatures can habitats is determined by the responsive to habitat restoration 

Temperature (V3) 
and temperatures below 39°F (extremely cold) and above 104°F (extremely be determined by All Life Stages, 

value of whichever component -
Water Quality (WQ) = (Slv1 X 

involving SAV. Additionally, 

warm) are considered unsuitable. consulting existing data, water quality or food/cover - is salinity levels and temperature 

published literature 
eggs and lower. Average values have been Slv2)

112 
or (Slv3 XSlv4 )

112
, ranges throughout ER measure 

Spotted Cynoscion sources or, directly, using larvae more used for some model variables. whichever is lower project areas are within optimal 
Seatrout

2 SAV Highest Monthly Average Summer June-September: Temperature range of 68°F-90°F is considered optimal 
sensitive Estuarine Multiple 

nebulosus 
and temperatures below 39°F (extremely cold) and above 104°F (extremely a thermometer or The literature suggests that the Food/Cover (FC) = (Slv5) ranges. The model variables 

Temperature (V4 ) 
warm) are considered unsuitable. temperature probe. tolerance of spotted seatrout to HSI = WQ OR FC, whichever would effectively reflect FWP and 

changes in temperature and is lower FWOP conditions, and would be The amount of salinity depends on the rapidity of 
submerged/emergent the change. Caution should 

effective indicators for measures 

vegetation, submerged therefore be used in calculating that incorporate oyster reefs (i.e., 

Optimal conditions occur when 40% or more of the study area is covered 
islands, shell reefs, and average values for water where living shorelines). 

Percentage of Study Area w/ Submerged 
with submerged or emergent vegetation, submerged islands, shell reefs, or 

oyster beds can be variability is extreme. 
or Emergent Veg., Submerged Islands, 

oyster reefs. A positive relationship exists between primary and secondary 
determined by using Food, Cover Al I Life Stages 

Shell Reefs, and Oyster Reefs (V5) 
productivity (amount of vegetation) in the aquatic ecosystem. 

historical maps and 
information, current 
topographical maps and 
data, and aerial 

hoto ra hs. 

In coastal areas where clapper rail Clapper rails inhabit estuarine 
On maps or aerial photos populations are primarily regulated tidal salt and brackish coastal 

Percentage of Shoreline of Persistent 
The best habitat is assumed to be that with at least 50% of the persistent 

measure the total by habitat-based factors, the marshes along the Gulf of 
Emergent and Scrub/Shrub Mangrove 

emergent and scrub/shrub mangrove wetlands bordered by tidal flats or 
shoreline edge and model should yield HSI values that Mexico. Sufficient data exists for 

Wetlands Bordered by Tidal Flats or 
exposed tidal channels. 

calculate the percentage have positive correlations with 
the habitat variables and all 

Exposed Tidal Channels (V1) of shoreline bordered by long-term abundance. The proper 
variables can be adequately 

suitable feeding habitat. interpretation of the HSI is one of 
comparison. If two areas have measured. The assumption can 

Percentage of Area Covered by Persistent Use U.S.G.S. photo quad different HSl's, then the area with be drawn that the species would 
Clapper rails nest and feed in the persistent emergent and scrub/shrub 

maps, other coastal the higher HSI should have the be sensitive and responsive to 
Emergent and Scrub/Shrub Mangrove mangrove wetlands. Survival depends upon the availability of such 

High Tidal Wetlands (V2) wetlands (linear graph). 
maps, or aerial potential to support more clapper high tidal wetland and marsh 

Clapper Rail
3 Rall us 

Marsh & photographs 
Food/Cover All Life Stages Estuarine rails than the area with the lower Single HSI = (Slv1 X Slv2 XSlv3)

113 habitat restoration, thus allowing 
longirostris 

Wetland Measure total wetland-to- HSI. In areas larger than 5 acres, for a greater benefit or "lift" to be 

water edge with a map the following is assumed: each gained. The HSI model habitat 

measurer. Multiple by 15 variable is weighted equally. If the variables can have clear 
Important nesting habitat includes Spartina, Salicornria, Grindelia, and 

(the 15-m band) to area lacks suitable contiguous assumptions drawn and will Percentage of Persistent Emergent and possibly mangroves. Optimal conditions occur when 15-m fringe, bordering 
determine sq. meters and habitat of at least 5 acres, the HSI effectively reflect FWP and Scrub/Shrub Mangrove Wetlands Within a tidally influences body of water. Coastal areas with large water to is zero. 

15m (49.2 ft.) of Tidally Influences Bodies vegetation interface are assumed to provide the best nesting habitat. Areas 
then covert to hectares. FWOP conditions. 
Divide area within 

of Water (V3) with a high percentage of the total emergent and scrub/shrub mangrove 
wetland fringe by total 

wetlands within 15m of water will have the highest SI. 
area of emergent and 
mangrove wetland 
calculated for V1. 

ue 1s ase on the rown elicans have a coastwide 
Islands that are a minimum area of 5 acres are assumed to be of the Measure area of the limiting factor concept and equals distribution, and the model 

Island Surface Area (V1) 
highest suitability. Islands larger than 20 acres may be able to support island on a topographic the lowest life requisite value. variables would effectively reflect resident populations of predators and therefore, suitability decreases in map or aerial photo taken When areas with similar HIS FWP and FWOP conditions. The these instances. at high tide. values are compared, an area 

species model habitat variables 
previously used by pelicans for 

would be effective indicators for Measure straight-line roosting/loafing is more likely to 

Distance from Mainland (V2) 
Islands that are a distance of 0.25 miles or more away from the mainland distance from mainland be used for nesting in the near successful island restoration, and 

are considered optimal. shore to island shore at future than an unused area. As would reflect the use of the island 
low tide. with other HSI models, the HSI by other nesting species. 

Brown Pelecanus Islands I Bird Measure straight-line Nesting I Estuarine value obtained may have no Additionally, the species model 

Pelican
4 occidentalis Rookeries distance from closest Loafing Cover 

All Life Stages 
(island) relationship to nesting population Single Cover (C) = (Slv1 X Slv2 X Slv3 utilizes old growth vegetation (the 

Distance from Human Activity (V3) 
Optimal distance from human activity centers is at least 328 feet and 

area of any center of size but indicates the potential of most stable vegetation), which is 
suitability increases to an optimum with a distance of 0.25 miles or more. 

human activity to colony an area as nesting habitat. most ideal for island restoration. 
island. 
Using aerial photos and 
topographic maps of 

Nesting vegetation covering 50% or more of an island is considered estuarine islands to 
Nesting Coverage/Island Elevation (V 4 ) optimal. Island surface and shrubs that are potential nesting cover must be measure coverage of 

at least 2 ft. above high tide. trees and shrubs, or the 
area of island surface in 
elevation. 
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Common 
Name 

Least Tern5 

Gulf 

Menhaden6 

l.atln Name 

Sterna 
antillarum 

Brevoortia 
patron us 
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cover Type 

Tidal Flats 

Open Water 

HSI Habitat Variable 

Percent of the Total Area Within the 

Average Maximum Flight Distance from 
the Potential Nesting Habitat that is 

Aquatic (V1) 

Number of Disparate Aquatic Wetlands 
within the Average Maximum Flight 

Distance from the Potential Nesting 
Habitat (V2) 

Percent Herbaceous and Shrub Canopy 

Cover (V3) 

HSI Habitat variable Descrlptic:>n 

It is assumed that an area composed of~ 50% water within the average 
maximum flight distance (3.2 km) from the potential nesting habitat will 
provide optimum foraging habitat area. 

It is assumed that an area composed of a single aquatic system will provide 

suggested Methc:>d 

Remote sensing, 
mapping 

optimum diversity of foraging habitat when it contains two or more disparate Remote sensing, 
aquatic (flooded) wetlands within the average maximum flight distance from mapping 
the potential nesting habitat 

Least tern generally nest in areas of sparse vegetation and usually will not 
nest in areas with > 20% vegetation cover or with tall vegetation. Habitats 
with 0-15% coverage provide optimum cover suitability. An area will have 
0% suitability when vegetation exceeds 25%. 

Remote sensing, line 
intercept 

Average Height of Herbaceous and Shrub An area has no suitability as potential nesting habitat when the average Line intercept, graduate 
rod Canopy (V 4 ) height of the vegetation is> 40 cm. 

Substrate Composition (V5) 

Lowest Monthly Average Winter Water 

Temperature (V1) 

Lowest Monthly Average Winter Salinity 
(V2) 

Average Annual Salinity (V3) 

Marine Water Color (V4) 

Substrate Composition (V5) 

Lowest Monthly Average Winter Water 
Temperature (Larvae) (V6) 

Lowest Monthly Average Winter Salinity 

(Larvae) (V?) 

Highest Monthly Average Summer Water 
Temperature (V13) 

Average Annual Salinity (V14) 

Generally nest on unconsolidated substrate with 50-80% sand and 30-70% Sieve and hydrometer 
fra mentar material. anal sis 

ans occur when emperature ranges between and 
22°C. It is assumed that winter water temperature is one factor governing 
the suitable water quality conditions for spawning gulf menhaden and their 
eggs. 

Optimal conditions occur when salinity ranges between 25 to 35 ppt It is 
assumed that winter salinity is the second factor governing the suitable 
water quality conditions for spawning gulf menhaden and their eggs. 

Consult existing data or 
published literature 
sources 

Consult existing data or 
published literature 
sources 

Optimal conditions occur when average annual salinity ranges between 5- Consult existing data or 
20 ppt Salinity is the second most important factor governing water quality published literature 
suitability. sources 

Can be quantitatively 
Optimal conditions occur when long-term Historical water color is brown or estimated or determined 
green. This reflects the presence of nutrients that promote growth of by consulting existing 
suitable food organisms for estuarine gulf menhaden life stages. data or published 

literature sources 

Optimal conditions occur when substrate is composed of mud. Sandy mud 
provides intermediate suitability and sand and shell provides minimal 
suitability. It is assumed that organic content of bottom sediments 
potentially available to be suspended in the water column is a third factor 
governing food requisites. 

Optimal conditions occur when temperature ranges between 15°C and 
25°C. It is assumed that marine larvae have slightly higher water 
temperature requisites than spawning adult gulf menhaden and their eggs. 

Optimal conditions occur when salinity ranges between 15 and 30 ppt It is 
assumed that marine larvae have lower and narrower salinity requisites 
than spawning adult gulf menhaden and their eggs. 

Consult existing data or 
published literature 
sources 

Consult existing data or 
published literature 
sources 

Consult existing data or 
published literature 
sources 

Optimal conditions occur when temperature ranges between 20 and 33 C. It Consult existing data or 
1s assumed that summer water temperature 1s one factor governing water bl' h d It t 
quality suitability for adults and juveniles inhabiting nearshore marine pu is e 1 era ure 

sources 
waters. 

Optimal conditions occur when salinity ranges between 10 and 35 ppt 
Consult existing data or 
published literature 
sources 

HSI Life 
Requisites 

Food 

Reproduction 

Water Quality 

Food 

Water Quality 

Food 

HSI Life 
Stage 

Adult 

All Life Stages 

HSI Habitat 
Type 

Marine, 
Estuarine, 

Riverine, 
Lacustrine, 

Palustrine 

Shore and 

Bottom 
Wetland, 

Barren Land, 
Desert 

Herbland 

Marine 

HSI Model Limitations & 
Assumptions 

Least terns prefer to nest in areas 
containing extensive areas of 
water and diverse aquatic habitat 
Most large populations are found 
along the coast, particularly in the 
vicinity of inlets. 

When percent vegetation cover is 
< 15 % or> 25%, the suitability 
index for Sic is assumed to be 

determined solely by Sin 

ase on I model equations, 
the Average Annual Salinity 
variable and the Marine Water 
Quality variable are weighted as 
more important when determining 
an HSI. The HSI values produced 
by the models are relative and are 
used for comparison only. If two 
areas, or the same area at 
different times, have different HSI 
values, then the area with the 
higher HSI should be interpreted 
to have the potential to support 
more gulf menhaden than that with 
the lower HSI. These models 
aggregate 14 habitat variables 
into single index values, with no 
quantitative information on how 
the variables in combination affect 
carrying capacity. Furthermore, 
the HSI values determined by 
application of these models may 
not always reflect current gulf 
menhaden abundance because 
factors other than local habitat
related ones may affect gulf 
menhaden populations. 

HSI Model 
Type 

Multiple 

Multiple 

HSI Model Formulas Reasons for Reeommendatlon 

Least Terns have a coastwide 
distribution, and the rnodel 

variables would effectively reflect 
FWP and FWOP conditions. The 

species model habitat variables 
would be effective indicators for 

successful tidal flat restoration. 
Least terns prefer to nest in areas 

,_ ___________ _,with sparse, short vegetation 

*See Gulf Menhaden HSI 
document for detailed formula 

descriptions. 

close to extensive areas of open 

water. With assumptions 
regarding vegetation, all habitat 

variables can be measured. 

and marine waters that is 
indicative of their tolerance to 

extremes environmental factors. 
The assumption can be drawn 

that the species would be 
sensitive and responsive to 

impacts to open water 
environments. The HSI model 

habitat variables can have clear 
assumptions drawn and will 

effectively reflect FWP and 
FWOP conditions. 



Common 
Name 

American 
Alligator' 

Eastern 
8 

Meadowlark 

l.atln Name 

Alligator 
mississippiens 

is 

Sturnella 
magna 

ED_013073_00000015-00005 

cover Type 

Freshwater 

Marsh 

HSI Habitat Variable 

Percentage of wetland that is open water (V1) 

Percentage of open water that is in bayous or 
canals (V2) 

Percentage of wetland that is open water (V1) 

Interspersion (V3) 

Percentage of ponded area with water >15 cm 
deep (V4) 

Percentage of substrate exposed at low mean 
tide (tidal areas only) (V5) 

Percent herbaceous canopy cover 

HSI Habitat Variable Descrlptic:>n 

Optimal habitat occurs where 20-40% of the wetland is open water (ponds, 
bayous, canals). Optimal nesting alligator habitat is composed of 20-40% 
open water and 60-80% vegetated wetland. 
Optimal habitat occurs where 10-20% of open water area is in bayous, 
canals, or greater than 1.2 m deep in lakes and ponds. Deepwater areas in 
bayous, canals, ponds, and lakes are essential habitat components for 
adult alligators during breeding season. 
Optimal habitat occurs where 20-40% of the wetland is open water (ponds, 
bayous, canals). Optimal nesting alligator habitat is composed of 20-40% 
open water and 60-80% vegetated wetland. 

Optimal habitat occurs when there is high interspersion (10-15 ponds with 
>0.2 ha per 6 ha). Nesting alligator habitat quality is directly related to the 
degree of interspersion of water bodies within the vegetated wetlands. 

Optimal habitat occurs where 100% of the ponded area contains waters > 

15 cm deep from May to September. Ponds that dry out during the spring 
and summer tend to restrict the movements of alligators and increase the 
vulnerability of the young to predation. 
Optimal habitat occurs where 0% of the substrate is exposed at mean low 
tide from Ma to Se !ember. 

Meadowlarks prefer very dense vegetation, and optimal herbaceous 
densities are assumed to occur at greater than 90% canopy cover. 
Suitability decreases as the total herbaceous canopy cover decreases, and 
habitats are unsuitable when canopy covers less than 20%. 

suggested Methc:>d 

Aerial photography by 
planimetry 

Aerial photographs or 
field data collection 

Aerial photography by 
planimetry 

Aerial photographs 

Field observation 

Field observation 

Line intercept 

Proportion of herbaceous canopy cover that is Optimal habitat occurs when greater than 80% of the herbaceous cover is 
grass. Suitability decreases as the relative percent of grass decreases, and Line intercept 
habitats are unsuitable when grass is less than 20%. 

grass 

Coastal Prairie Average height of herbaceous canopy 

Distance to perch site 

Percent shrub crown cover 

Ideal vegetative heights for foraging and loafing are between 10 and 30 cm 
(4 and 12 inches) and the best heights for nesting are between 25 and 50 
cm (10 and 20 inches). Best habitats will have an average spring season 
canopy height of between 12.5 and 35 cm (5 and 14 inches). No suitability 
will exist if the average height is less than 2.5 cm (1.0 inches) or greater 
than 76 cm (30 inches). 

Optimal conditions exist when the average distance from random points in 
the cover type to a suitable perch is less than 30 m (100 ft.). Perch sites 
are defined as all !orbs, shrubs, trees, fences, or telephone wires. The 
minimum habitat area if about four perches per 1.2 ha (3.0 acres). 

Optimal habitats contain less than 5% shrub canopy; suitability will 
decrease as shrub densities increase, and habitat will not be suitable at 
shrub densities realer than 35%. 

Line intercept, graduated 
rod 

Pacing 

Line intercept 

HSI Life 
Requisites 

Cover-breeding 

Cover-Nesting 

Food, 
Reproduction 

HSI Life 
Stage 

All Life Stages 

All Life Stages 

HSI Habitat 
Type 

Estuarine 

Pasture and 

HSI Model Limitations & 
Assumptions 

Although not included as a 
variable in the model, flooding 
may have a serious impact on the 
quality of alligator nesting habitat. 
Local information may be 
available concerning the tendency 
of a marsh to flood to a depth 
above the average height of the 
nest cavity. Despite the HSI value 
obtained from application of the 
model, the HSI becomes 0 if the 
marsh if flooded above the egg 
chamber for more than 2 hours at 
any time from June through 
August. Field reconnaissance with 
intensive use of available maps 
and water level data will provide 
the most relatable output for the 
model. 

Hayland, 'See HSI document for detailed 
Grassland, and limitation and assumptions. 

Forbland 

HSI Model 
Type 

Multiple 

Single 

HSI Model Formulas 

*See HSI document for detailed 
formula descriptions. 

*See HSI document for detailed 
formula descriptions. 

Reasons for Recommendation 

American Alligators 
predominantly use estuarine 

environments, such as the 
environments included in the ER 

project areas. This allows for the 
assumption to be drawn that the 

species would be sensitive and 
responsive to freshwater wetland 

and marsh habitat restoration, 
thus allowing for a greater benefit 
or "lift" to be gained. The HSI 

model habitat variables can have 

clear assumptions drawn and will 
effectively reflect FWP and 

FWOP conditions. 

The Eastern Meadowlark is 
primarily found in grasslands, 

meadows, and pastures 
throughout the eastern and 

southern central United States. 
The species model variables 

would be good indicators for 
impacting or mitigation for coastal 

prairie habitat. All model habitat 
variables for the species can be 

acquired through assumptions 
using GIS and aerial photography 

and/or ground truthing and field 
work, and would effectively reflect 

FWP and FWOP conditions. 



Common 
Name 

American 
Oyster (Gulf 

of Mexico)9 

References: 

l.atln Name cover Type 

Crassostrea 
virginica 

Oyster Reefs 

HSI Habitat Variable 

Percentage of Cultch Cover on Bottom (V1) 

Mean Salinity during Spawning Season (V2) 

Minimum Annual Salinity (V3) 

Annual Mean Salinity (V4) 

HSI Habitat variable Description 

100% bottom cover with suitable clutch (hard substrate, including oyster 
reefs or other hard surfaces) is considered optimal. 

Optimal conditions occur when salinity levels range between 18-22 ppt 
during the spawning season (May through September). 

Minimum annual salinity is the minimum value of the 12 monthly mean 
salinities. Optimal conditions occur when minimum annual salinity is 8 ppt or 
more. This variable is essential to describe freshwater impacts. 

Optimal conditions occur when annual mean water salinity levels are 
between 10 ppt and 20 ppt. Oysters can survive over a salinity range of 5 
or50+ t. 

Buckley, J. 1984. Habitat Suitability Index Models: Larval and Juvenile Red Drum. U.S. Fish Wild!. Serv. FWS/OBS-82/10.74. 15 pp. 
2Kostecki, P.T. 1984. Habitat Suitability Index Models: Spotted Seatrout. U.S. Fish Wild!. Serv. FWS/OBS-82/10.75. 22 pp. 
3Lewis, J.C., and R.L. Garrison. 1983. Habitat suitability index models: clapper rail. U.S. Dept. Int. Fish Wildl. Serv. FWS/OBS-82/10.51. 15 pp. 

suggested MethOd 

4 Hingtgen, T. M., R. Mulholland, and A. V. Zale. 1985. Habitat suitability index models: eastern brown pelican. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.90) 20 pp. 
5Carreker, R.G. 1985. Habitat suitability index models: Least tern. U.S. Fish Wild!. Serv. Biol. Rep. 82(10.103). 29 pp. 

HSI Life 
Requisites 

N/A 

6Christmas, J.Y., J.T. McBee, R.S. Waller, and F.C. Sutter Ill. 1982. Habitat suitability index models: Gulf menhaden. U.S. Dept. Int. Fish Wildl. Serv. FWS/OBS-82/10.23. 23 pp. 
7Newsom, J.D., T. Joanen, and R.J. Howard. 1987. Habitat suitability index models: American alligator. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.136). 14 pp. 
8Schroeder, R.L., and P.J. Sousa. 1982. Habitat suitability index models: Eastern meadowlark. U.S. Dept. Int., Fish Wildl. Serv. FWS/OBS-82/10.29. 9 pp. 

HSI Life 
Stage 

All Life Stages 

HSI Habitat 
Type 

Estuarine 

HSI Model Limitations & 
Assumptions 

'See Oyster Model document for 
detailed model limitations and 
as sum pt ions. 

9T.M. Swannack, M. Reif, and T.M. Sonia!. 2014. A robust, spatially explicit model for identifying oyster restoration sites: case studies on the Atlantic and gulf coasts. Journal of Shellfish Research, Vol. 33, No. 2, 395-408. 

ED_013073_00000015-00006 

HSI Model 
Type 

N/A 

HSI Model Formulas 

*See Oyster Model document for 
detailed formula descriptions. 

Reasons for Recommendation 

The American Oyster will be 
modeled using the Swannack et 
al. (2014) model. This model is 
designed as a spatially explicit, 
grid-based model that calculates 
habitat suitability for restoration of 
Crassostrea virginica. 



Species Common Species Latin ER 
HSI life HSI limitations & Model Reasons for 

Habitat Type Measures HSI Habitat Variable HSI Habitat Variable Description Life Stage Habitat Formulas 
Name Name 

Affected 
Requisites Assumptions Type Elimination 

Optimal conditions occur when turbidity levels range between 15-30 FTU. Atlantic Croaker was 

0-1 
Turbidity (V1) High turbidity levels are positively related to the abundance of juvenile eliminated for Wetland & 

0-2 
croackers. Marsh habitat for the 

G-11 Optimal conditions occur when levels of dissolved oxygen reach 5 mg/I or 
following reason: most ER 

Dissolved Oxygen (V2) measure project areas in 
G-12 more. Low levels of dissolved oxygen are not suitable. 

the Coastal Texas study 
G-13 Water Quality 

have salinity levels higher 
B-5 

Salinity in Spring (V3) 
In the Spring, juvenile croakers are caught at salinities from 0 to 24 ppt. The HSI value is based 

than 20 ppt during the 
B-6 Salinities of 0 to 15 ppt are more suitable. on the limiting factor *See HSI document 

Atlantic Croaker1 Micropogonias Wetland & 
M-8 Juvenile Estuarine concept and equals the Multiple for detailed formula 

spring, which is not 
undulatus Marsh optimal for Atlantic 

CA-4 
Salinity in Summer (V4 ) 

In the Summer, fresh water is unsuitable. Salinities from to 26 ppt are most lowest life requisite descriptions. 
Croakers. Additionally, the 

CA-6 suitable. Salinities greater than 30 ppt are low in suitability. value. 
habitat variables for 

CA-5 
CA-7 

In regions with small tides only, shallow areas closely associated with marsh Atlantic croaker would not 

SP-1 
Depth (V5) are most suitable, shallow open water is intermediate in suitability, and deep be as responsive as other 

N-3 
open water is least suitable. 

Cover 
similar species for wetland 
& marsh habitat 

N-5 
Substrate Type (V6) 

Soft mud is most suitable. Sandy mud is less suitable. Hard and coarse restoration. 
substrates and seagrass beds are unsuitable. 

0-1 Marsh Wren was 

0-2 Optimal conditions occur when cattails, cordgrasses, and bulrushes are the eliminated for Wetland & 

G-11 dominant species. Intermediate suitability conditions occur when bluejoin Marsh habitat because the 

G-12 
Growth Form of Emergent Hydrophytes (V1) reedgrass, reed canarygrass, and sedges are the dominant species. Least A zero value for Slv1, species inhabits mostly 

G-13 suitability conditions occur when other growth forms not listed are the Slv2, or Slv3 indicates an freshwater areas, and 

B-5 dominant species. unsuitable habitat. Slv4 
most of the ER measure 

B-6 
Emergent 

is given more weight *See HSI document project areas for the 

Marsh Wren 2 Cistothorus Wetland & Cover and Wetland and Coastal Texas study 
palustris 

M-8 Percent Canopy Cover of Emergent Optimal conditions occur when the percent canopy cover of emergent Adult because it is assumed Single for detailed formula 
Marsh 

CA-4 Herbaceous Vegetation (V2) 
Reproduction Scrub-Shrub 

descriptions. involve saltwater herbaceous vegetation is 75-100%. that habitat suitability 
CA-6 

Wetland environments. decreases as percent 
CA-5 Mean Water Depth (V 3) Optimal conditions occur when the mean water depth (cm) is 15-40cm. canopy cover of woody 
CA-7 vegetation. 
SP-1 Percent Canopy Cover of Woody Vegetation 

A negative relationship exists between woody vegetation and habitat 

N-3 (V4) 
suitability - as the percent canopy cover of woody vegetation increases, 

N-5 habitat suitability decreases. 

Northern Pintail was 
Optimal conditions occur when the percentage of open water (<10% canopy eliminated for SAV habitat 

Water Depth (V1) coverage of emergent vegetation) is 45% or more. Areas where wintering because almost every ER 
pintails rest and feed are usually large, open, and <0.5 m deep measure project area will 

Optima conditions occur when 0-40% of the area is covered by persistent 
generally have salinity 

Amount of Persistent Emergent Vegetation emergent vegetation. Pintails rest in open portions of wetland where dense Cover levels above 5 ppt, which 

(V2) strands of tall (>30cm above the water surface) emergent have less than 
would provide a low HSI 

40% canopy cover. 
value for the species. 

Optimal conditions occur at 0-5%. Pintails rest in open portions of wetland 
Additionally, Pintail prefer 
more freshwater areas Structure of Emergent Vegetation (V 3) where dense strands of tall (>30cm above the water surface) emergent have Estuarine Open with emergent plants that 

less than 40% canopy cover. Water (less produce seeds, which are The HSI value is based 
Optimal conditions occur when the percentage of open water (<10% canopy than 10% 

on the limiting factor *See HSI document not frequently found along 

Northern Pintail3 Anas acuta SAV SP-1 Water Depth (V1) coverage of emergent vegetation) is 45% or more. Areas where wintering All Life canopy cover of 
concept and equals the Multiple for detailed formula the Texas coast. 

pintails rest and feed are usually large, open, and <0.5 m deep. Stages emergent 
lowest life requisite descriptions. 

vegetation) less 
value. 

Optimal conditions occur when 45% or more o the study area is dominated than 5.0 min 

Percentage of Wetland Dominated by Food by submerged or emergent food plants. Feeding areas are large, generally depth 

Plants (V4) <0.5 m deep, and contain submerged or emergent and drawdown plants that 
produce an abundance of seeds. Food 

Optimal conditions occur when salinity levels are at 5 ppt or lower. In coastal 
wetlands lacking extensive beds of Halodule wrightii or Ruppia maritima, 

Salinity (V5) 
pintails prefer freshwater areas. Except in areas southwest of Corpus 
Christi, Texas (areas that are dominated by shoalgrass or widgeongrass), 
pintails prefer vegetation that grows in freshwater to intermediate-salinity 
wetlands over vegetation of higher salinity wetlands. 

ED_013073_00000015-00007 



Species Common Species Latin ER 
HSI life HSI limitations & Model Reasons for 

Habitat Type Measures HSI Habitat Variable HSI Habitat Variable Description Life Stage Habitat Formulas 
Name Name 

Affected 
Requisites Assumptions Type Elimination 

Gulf menhaden have a 
Lowest Monthly Average Winter Water 

Optimal conditions occur when temperature ranges between 5°C and 20°C. 
Juveniles wide distribution and use 

Temperature (V8) 
It is assumed that larvae and juveniles have lower and broader water 

and Larvae of estuarine and marine 
temperature requisites than the adult and egg life stages. 

waters that is indicative of 

Highest Monthly Average Summer Water their tolerance to extremes 

Temperature (Vd 
Optimal conditions occur when temperature ranges between 20°C-33°C. Adult environmental factors. For 

Optimal conditions occur when salinity ranges between 5-12 ppt. Estuarine this reason, the habitat 

0-1 Lowest Monthly Average Winter Salinity (V 9) larvae and juveniles have lower and narrower salinity requisites than adult 
Juveniles variables for this species 

0-2 and egg life stages. 
Water Quality and Larvae would not be as 

G-11 Optimal conditions occur when average annual salinity ranges between 10- responsive or sensitive to 

G-12 Average Annual Salinity (V14) 35 ppt. Salinity is the second most important factor governing water quality Adult wetland and marsh 

G-13 suitability. restoration. Additionally, 

B-5 
The food component is the water color variable is 

B-6 Lowest Weekly Average Dissolved Oxygen Optimal conditions occur when dissolved oxygen concentrations range considered the most 
*See HSI document indicative of plankton All Life 

Gulf Menhaden4 Brevoortia patronus 
Wetland & 

M-8 (V10) 
between 5-8 ppm. Short-term dissolved oxygen depletions do not diminish Estuarine 

important life requisite 
Multiple for detailed formula richness, which would be Stages Marsh 

CA-4 overall habitat suitability for gulf menhaden in estuaries. for determining the 
descriptions. applicable to only the 

CA-6 Optimal conditions occur when salinity ranges between 5-20 ppt. It is 
habitat suitability for gulf upper Texas coast 
menhaden. (Regions 1 and 2). Most CA-5 Average Annual Salinity (V3) assumed that salinity is one factor governing food availability for all gulf 

CA-7 menhaden life stages. ER measure project areas 

SP-1 Optimal conditions occur when long-term Historical water color is brown. in the Coastal Texas study 

N-3 Water Color (V d This reflects the presence of nutrients that promote growth of suitable food will have salinity levels 

N-5 organisms for estuarine gulf menhaden life stages. Food 
All Life higher than 20 ppt. 

Optimal conditions occur when substrate is composed of mud. Sandy mud 
Stages 

provides intermediate suitability and sand and shell provides minimal 
Substrate Composition (V 5) suitability. It is assumed that organic content of bottom sediments potentially 

available to be suspended in the water column is a third factor governing 
food requisites. 

Marsh Acreage (V11 ) 
Optimal conditions occur when available acreage of tidal marsh is >1000 

Cover Larval 
acres. Suitabilit decrease as available acrea e decreases. 

Optimal conditions occur when dominant sediment type is mud, versus fine The optimal salinity ranges 
Dominant Sediment Type (V1) sand, coarse sand, or shell or pebble. Sediment type is an index of food Food for Spot are too broad to 

availability. be sensitive or responsive 

Optimal conditions occur when average summer water temperature ranges to the ER measure project 
Average Summer Water Temperature (V 2) between 17°C-27°C. Extreme temperatures near 5° to 34 °C are unlikely to The HSI value is based areas in the Coastal Texas 

Leiostomus 
be suitable. on the limiting factor *See HSI document study. Due to this, and the 

Spot {Juvenile)5 
xanthurus 

N/A N/A 
Average Summer Salinity (V3) 

Optimal conditions occur when average summer salinity ranges between 15- Juvenile Estuarine concept and equals the Multiple for detailed formula fact that this species is 

30 ppt. lowest life requisite descriptions. very much a generalist 

Average Minimum Summer Dissolved Oxygen Optimal conditions occur when average minimum summer dissolved oxygen 
Water Quality 

value. species, the habitat 

(V4) concentrations are 4 mg/I or more. variables potentially would 
not be sensitive to habitat 

Average Water Depth at Mean High Water Optimal conditions occur when average water depth at mean high water is 0 restoration. 
(V5) to 3 m. These include the intertidal zone as an optimal habitat. 

Dissolved Oxygen (V1) 
Optimal dissolved oxygen concentrations for larval M. mercenaria growth 

Larval 
ard clams occurs in very 

and survival is 4.0 mg/I or higher. few ER measure study 
areas. 

Optimal salinity ranges for growth and survival of adult M. camechiensis is 
Salinity (V2) 24-35 ppt. Optimal ranges for adult M. mercenaria is 20-30 ppt. Optimal Water Quality 

salinity range of hard clams throughout their range is 22-35 ppt. Adult 

Mercenaria Percentage of silt-clay is 
*See HSI document 

Hard Clam7 campechiensis, 
N/A N/A 

Water Temperature (V 3) Optimal range for growth of both species is assumed to be 20 ° to 31°C. 
Estuarine 

squared because it is 
Multiple for detailed formula 

Mercenaria considered the most 
descriptions. 

mercenaria 
Percentage Silt-Clay (V4 ) 

0% silt-clay substrate is optimal. Clams must be capable of burrowing in important variable. 
substrate. As percentage of silt-clay content increases, growth decreases. All Life 

Substrate- Stages 
Current (V5) Densities of clams are highest where current velocities are 30 to 50 emfs. Suspended Solids 

Suspended Solids (V6) 
Larval clam growth is optimal at silt concentrations of 0.75 g/I or less from 

Larval 
A ril to Se tember. 

ED_013073_00000015-00008 



Species Common Species Latin ER 
HSI life HSI limitations & Model Reasons for 

Habitat Type Measures HSI Habitat Variable HSI Habitat Variable Description Life Stage Habitat Formulas 
Name Name 

Affected 
Requisites Assumptions Type Elimination 

Optimal conditions occur when substrate is firm bottom with some organic Pink Shrimp are not as 

Substrate Class (V1) 
materials-sandy silt, silty sand. Substrate affects the distribution of pink common as Brown/White 

0-1 shrimp. Pink shrimp are more numerous on firm bottoms with some organic Shrimp and comprise of 
0-2 material than on soft, muddy bottoms. less than 10% of the total 

G-11 Optimal conditions occur when there is 75% or more open water/seagrass commercial harvest across 
G-12 Percentage of Estuarine Area Covered with zone covered with seagrass. The availability of vegetative cover is one of Food-Cover The suitability index for the Texas coast 
G-13 Vegetation (V2a) the most essential requirements for a satisfactory nursery area. Vegetation vegetation coverage is Additionally the species 
B-5 provides food and cover. squared, indicating its are low in abundance 

Farfantepenaeus Wetland & 
B-6 The higher the percentage of emergent wetland zone covered with Post larval, 

importance to pink *See HSI document across the Texas coast 
Pink Shrimp8 M-8 Percentage of Estuarine Area Covered with 

herbaceous emergent vegetation or mangroves, the higher the suitability for Estuarine shrimp. The HSI value Multiple for detailed formula when compared to duorarum Marsh and SAV Vegetation (V2b) Juvenile 
CA-4 pink shrimp. is based on the limiting descriptions. Brown/White shrimp. 
CA-6 factor concept and 
CA-5 Salinity (V3) 

Optimal conditions occur when mean annual salinity ranges between 15-35 equals the lowest life 
CA-7 ppt Salinity levels affect growth and survival of pink shrimp. requisite value. 
SP-1 
N-3 Optimal conditions occur when mean annual water temperature ranges 

Water Quality 

N-5 Temperature (V4) between 25-35°C. Temperature levels affect growth and survival. Optimal 
temperatures for pink shrimp are those that support rapid growth. 

0-1 
American coots require 

0-2 
robust emergent 

G-11 
Percent of Wetland Basin Dominated by Optimal conditions occur when 40-60% of the wetland basin is dominated by vegetation, such as 

G-12 
Persistent Herbaceous Vegetation (V1) persistent emergent herbaceous vegetation (cattails and bulrushes). cattails and bulrush, which 

G-13 
may not occur across the 

B-5 
Water regime is entire Texas coast or in all 

B-6 
Herbaceous assumed to have the 

*See HSI document 
ER measure project areas. 

American Coot9 Fulica americana 
Wetland & 

M-8 Optimal conditions occur when the edge index between emergent vegetation Reproduction 
All Life Wetland, greatest influence on 

Single for detailed formula 
Additionally, reproduction 

Marsh 
CA-4 Edge Index B/t Emergent Vegetation and and open water is greater than 4 (four times the amount of edge is present Stages Lacustrine, the determination of a 

descriptions. 
is the species limiting 

CA-6 Open Water (V2) due to emergent vegetation than would be present for the same wetland Riverine reproductive habitat variable for the HSI model 

CA-5 basin without emergent vegetation). index value. and, generally, some 

CA-7 
areas of the Texas coast 

SP-1 
would not provide optimal 

N-3 Water Regime (V3) 
nesting habitat 

Optimal conditions occur when the area is semi permanently flooded. 
N-5 

American woodcock 
Well drained loam soils have optimal soil moisture tension for earthworms. 

require trees and woody 
Soil Texture and Drainage Class (V1) 

Availability of earthworms to woodcock can be predicted from soil texture 
vegetation as their habitat 

and drainage classes. Increasing portions of small soil particles and 
covers, which will not exist 

increasing percent moisture increases soil moisture tension. 
throughout most of the 

Food coastal ER measure 
Dense ground cover limits woodcock mobility and restricts their ability to project areas. This species 

Percent Canopy Coverage of Vegetation and 
probe for worms. Optimal conditions exist when canopy coverage of 

The HSI value is based mainly inhabits upland and 
American Downfall < 30 cm Above Ground (V2) 

vegetation and downfall ~30 cm above ground is ~50%. Suitability declines 
on the limiting factor *See HSI document lowland forests. 

Woodcock Scolopax minor N/A N/A 
as percent canopy coverage increases to> 50%, and when canopy All Life 

Diurnal Habitat concept and equals the Multiple for detailed formula 

(Wintering) 10 coverage is ~80% earthworms are assumed to be unavailable to woodcock. Stages 
lowest life requisite descriptions. 

Percent Herbaceous and Shrub Canopy Optimal conditions occur when 45% herbaceous and shrub canopy cover is value. 
Cover (V3) >0.5m. 

Cover 
Stem Density of Trees (V4) Optimal conditions occur when stem density of trees is 20+/ha or 8+/acre. 

Percent Herbaceous and Shrub Canopy Optimal conditions occur when 45% herbaceous and shrub canopy cover is 
Cover (V3) >0.5m. 

Cover 
Average Height of Shrub Canopy (V5) 

Optimal conditions occur when the average height of shrub canopy is 3.0 m 
9.8 ft. 0 
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Species Common Species Latin ER 
HSI life HSI limitations & Model Reasons for 

Habitat Type Measures HSI Habitat Variable HSI Habitat Variable Description Life Stage Habitat Formulas 
Name Name 

Affected 
Requisites Assumptions Type Elimination 

Optimal conditions occur when the number of trees ;o,51 cm dbh increases, Barred Owls require trees 

and thus the probability of the existence of suitable cavities increases. More 
and woody vegetation as 

Number of Trees >51 cm (V1) their habitat covers, which than 2 trees/0.4 ha that are ;o,51 cm dbh is sufficient to meet the nesting Percent canopy cover of will not exist throughout 
requirements of the barred owl. overstory trees directly *See HSI document most of the coastal ER All Life 

Barred Owl 11 Strix varia N/A N/A Reproduction 
Stages 

Forest modifies the value Single for detailed formula measure project areas. 
Mean dbh of Overstory Trees (V2) Optimal conditions occur when mean overstory tree dbh is <e51 cm. calculated for the other descriptions. This species mainly 

two variables. inhabits upland and 
Percent Canopy Cover of Overstory Trees Optimal conditions occur when there is 55% or more canopy cover of lowland forests. 
(V3) overstory trees. 

Optimal conditions occur when 0% of the shoreline is subject to severe Belted Kingfisher are not 

Percent Shoreline Subject to Severe Wave 
wave action. Suitability decreases in a linear fashion as the percent of known to utilize muddy 

Action (V1a) 
shoreline affected increases. Only applied to lacustrine habitats that are water very frequently, and 
frequently/constantly subject to wave action severe enough to deter this factor may exclude 
kingfisher foraging. Regions 1 and 2 along the 

Average Water Transparency (V2) 
Optimal conditions occur when average water transparency (secchi depth) is upper Texas coast. The 

60 cm or 24 inches. species limiting life 

Optimal conditions occur when 0% of the water surface is obstructed Water Quality requisite is their 

Percent Water Surface Obstruction (V3) (minimal rocks, legs, emergent and floating vegetation, or other obstacles reproductive component 

on the water surface) and their need for suitable 
The HSI value is based soil banks with 

Belted Percent Water Area <60 cm in depth (V4) Optimal conditions occur when 100% of water area is 60cm in depth. 
All Life Riverine, 

on the limiting factor *See HSI document overhanging vegetation, 

Kingfisher 12 Ceryle alcyon N/A N/A 
Optimal conditions occur with 30-70% riffles. Applies to riverine cover type Stages Lacustrine 

concept and equals the Multiple for detailed formula which limits their optimal 

Percent Riffles (V5b) only. The presence of riffles in stream habitats enhances kingfisher habitat 
lowest life requisite descriptions. habitat more so. 

quality by providing rich food sources. 
value. Additionally, the water 

Average Number of Lentic Shoreline/Stream 
depth variable would limit 

Optimal conditions occur when the average number of lentic 
Cover feeding because most of 

Subsections Containing 1+ Perches (V6) shoreline/stream subsections that contain 1 + perches exceeds 40. the coastal ER measure 

Suitable soil banks for potential nest sites are vertical or overhanging, project areas are in more 

Sand Composition (V7a) devoid of excessive vegetation, root masses, rocks, etc., and are > 1.3m in than 60 cm of water. 

height. Suitable soils contain 70-96% sand and< 15% clay. 
Reproduction 

Distance to Nearest Suitable Soil Banks (V7b) 
Optimal conditions occur when the distance is 0.0 km or 0.0 miles away. 
Suitability decreases as distance increases to 3.0 km or 1.9 mi away. 

Availability of Suitable Cavities per Hectare 
Nesting habitat suitability increases linearly above 0.1 cavities per ha and is Black-bellied Whistling-

(V1) 
optimal at 0.5 per ha and above. Cavities with an entrance width less than Duck requires trees and 
10 cm are unsuitable. woody vegetation as their 

Percentage of Shrub Understory Beneath a 
Quality of nesting habitat is related to the percentage of shrub understory. 

The HSI value is based 
habitat covers, which will 

Black-bellied Tree w/ Suitable Cavity (V2) 
Optimal conditions occur at 0-20%. An understory greater than 20% is less 

Nesting Cover on the limiting factor *See HSI document 
not exist throughout most 

Dendrocygna suitable. All Life of the coastal ER measure 
Whistling-Duck N/A N/A Estuarine concept and equals the Multiple for detailed formula 

autumnalis The number is ducklings lost en route to water is proportional to the distance Stages project areas. This species 
(Breeding) 13 

Distance of Tree w/ Suitable Cavity to Suitable transverse. Optimal conditions occur when 0-400 meters is the mean 
lowest life requisite descriptions. 

mainly inhabits upland and 
value. 

Brood-Rearing Pond (V3) distance. Suitable brood-rearing habitat is defined as shallow water with lowland forests. 

interspersion of emergent and open water. 

Size of Brood-Rearing Pond (V4) Optimal brood-rearing habitat consists of water bodies between 2 and 30 ha. Brood Cover 

Percentage of Study Area that is Tall The taxonomy may have 
Grasslands (A 1) changed for this species, 

Percentage of Study Area that is Short *See HSI document for and instead this may be 

Black-Shouldered Grasslands (A2) *See HSI document for detailed detailed model 
*See HSI document the white tailed kite. The 

Kite14 Elanus caeruleus N/A N/A *See HSI document for detailed variable descriptions. 
life requisites and life stages. 

Estuarine 
limitations and 

Single for detailed formula HSI data may no longer 
Percentage of Study Area that is Rush (A3) 

assumptions. 
descriptions. apply. 

Percentage of Study Area that is Salt Marsh 
(A4) 
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Species Common Species Latin ER 
HSI life HSI limitations & Model Reasons for 

Habitat Type Measures HSI Habitat Variable HSI Habitat Variable Description Life Stage Habitat Formulas 
Name Name 

Affected 
Requisites Assumptions Type Elimination 

Deciduous Downy Woodpeckers 
Optimal conditions occur when basal area is 10-20 m2/ha. Basal area is 

forest, require trees and woody 
Basal Area (V1) defined as the area of exposed stems of woody vegetation if cut horizontally Food 

Evergreen vegetation as their habitat 
at 1.4 m height. 

forest, 
The HSI value is based covers, which will not exist 

Downy Picoides All Life Deciduous 
on the limiting factor *See HSI document throughout most of the 

Woodpecker 15 pubescens 
N/A N/A Optimal conditions occur when 5+ snags> 15 cm dbh/0.4 ha occur. Snags Stages forested 

concept and equals the Multiple for detailed formula coastal ER measure 

is defined as the number of standing dead trees or partly dead trees, greater wetland, and 
lowest life requisite descriptions. project areas. This species 

Number of Snags (V2) than 15 cm diameter at breast height; trees in which 50% of branches have Reproduction Evergreen 
value. mainly inhabits upland and 

fallen, or are present but no longer bear foliage, are to be considered snags forested lowland forests. 

as well. wetland 

Percent Herbaceous Canopy Cover (V1) urkey 

Average Height of Herbaceous Canopy Summer Deciduous 

(Summer) (V2) Food/Brood Forested measure study areas. 

Distance to Forest or Tree Savanna Cover Habitat Wetland, 

Types (V3) Evergreen 

Average dbh of hard mast producing trees Forest, 

that are greater than 25.4 cm dbh (V4a) Deciduous 

Number of hard mast trees/ha that are greater Forest, 

than 25.4 cm dbh (V4b) Evergreen Tree 

Percent Canopy Closure of Soft Mast Saanna, 

Eastern Wild Meleagris gallopavo Producing Trees (V5) All Life 
Deciduous Tree *See HSI document for *See HSI document 

Turke/ 6 sy/vestris 
N/A N/A Percent Shrub Crown Cover (V6) *See HSI document for detailed variable descriptions. Fall, Winter, 

Stages 
Savanna, detailed HSI limitations Multiple for detailed formula 

Percent Shrub Crown Cover Comprised of Spring Food Evergreen and assumptions. descriptions. 

Soft Mast Producing Shrubs (V7) Shrubland, 

Type of Crop (VS) 
Deciduous 
Shrubland, 

Overwinter Crop Management (V9) Evergreen 
Distance to a Tree Dominated Cover Type Shrub Savanna, 
(V10) Graslland, 
Percent Tree Canopy Cover (V11) Forbland, 
Average dbh of Overstory Trees (V12) Cover Pasture, 

Percent Forest Canopy Comprised of Hayland 

Ever reens V13 

Distance b/t potential nest sites and foraging 
Optimum conditions occur if foraging habitats are within 1.0 km of heronries The Great Blue Heron 

areas (V1) 
or potential heronries. Distances 10 km or more between foraging sites and 

Herbaceous 
optimal nesting cover 

nest sites are unsuitable for herons. (presence of treeland 

Optimum conditions occur when potential foraging habitats have shallow (up 
Wetland, Shrub 

cover types within 250 m 
Presence of water body w/ suitable prey Wetland, 

population and foraging substrate (V2) 
to 0.5 m deep), clear water with a firm substrate and a huntable population 

Food Availability Forested 
of wetland, V4) may not 

of small fish (< 25 cm in length). 
(Fl) Wetland, 

exist in close proximity to 

Optimum conditions occur if there usually is no human disturbance near the Riverine, 
most ER measure project 

potential foraging zone during the 4 hours following sunrise or preceding Lacustrine, 
areas. 

Disturbance-free zone up to 100 m around 
sunset or the foraging zone is generally about 1 OOm from human activities 

potential foraging area (V3) Estuarine 
and habitation or about 50 m from roads with occasional, slow-moving 
traffic. 

Great Blue Wetland & 
Optimum conditions occur if potential treeland habitats fulfill the following 

All Life 
*See HSI document for *See HSI document 

Heron 17 Ardea herodias L. 
Marsh 

N/A conditions: a potential nest site as a grove of tress at least 0.4 ha in area 
Stages 

detailed HSI limitations Multiple for detailed formula 
Presence of treeland cover types within 250 m located over water or within 250 m of water. Trees used as nest sites are at and assumptions. descriptions. 
of wetland (V4) least 5 m high with many branches at least 2.5 cm in diameters capable of 

supporting nests. Trees may be dead or alive but must have an "open 
canopy" that allows easy access to the nest. 

Presence of 250 m (land) or 150 m (water) Optimum conditions occur if the exclusion zone is usually free from human Reproduction (RI) 
Forested 

disturbance-free zone around potential nest disturbances during the nesting season. 
Wetland 

Proximity of potential nest site to an active 
Optimum conditions occur when suitable treelands are within 1 km of an 

nest (V6) 
established heronry because they are potential satellite nest sites for that 
colony. 

Distance b/t potential nest sites and foraging 
Optimum conditions occur if foraging habitats are within 1.0 km of heronries 

areas (V1) 
or potential heronries. Distances 10 km or more between foraging sites and 
nest sites are unsuitable for herons. 
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Species Common Species Latin ER 
HSI life HSI limitations & Model Reasons for 

Habitat Type Measures HSI Habitat Variable HSI Habitat Variable Description Life Stage Habitat Formulas 
Name Name 

Affected 
Requisites Assumptions Type Elimination 

Percentage of area with water 10-23 cm deep 
Prey is most accessible in water depths of 10-23 cm (4-9 inches). Optimal The Great Egret habitat 

(V1) 
conditions are achieved when 100% of the study area is water 10-23 cm variables require a high 

deep. 
Food HSI (Feeding) 

level of specificity to 

Percentage of submerged or emergent 
Substrates with 40-60% coverage of emergent or submerged vegetation achieve optimal conditions 

vegetation cover in zone 10-23 cm deep (V2) 
provide the optimum balance between cover for prey species and 

The HSI for 
throughout the coastal 

vulnerability of prey to capture by great egrets. Texas ER measure project 

Suitability of nesting/roosting habitat on islands is positively correlated to the 
feeding (or areas, particularly V1 and 

Percentage of island covered d by woody percentage canopy cover of woody vegetation > 1 m (3.3 ft.) fall. Optimal Cover (Island 
nesting) habitat V2. Additionally, the 

vegetation >1 m in height (V3) conditions are achieved when 55% or more of the island is covered by Site) 
is set to 0 if no species desires deep 

Wetland & woody vegetation. 
cover type 

*See HSI document water surrounding woody 

Great Egret18 Ardea alba Marsh, SAV, N/A 
All Life suitable for 

Multiple for detailed formula vegetation, which is not 

and Islands Mean water depth in wooded wetlands (V4) 
Optimal nesting habitat for non-island sites is found when mean water depth Stages nesting (or 

descriptions. frequently found 
beneath the woody vegetation is equal to or deeper than 0.6 m (2 ft.). 

Cover (Non-Island 
feeding) can be throughout the coastal 
located within 

Site) 
36 km (22.4 mi) 

HSI (Nesting) Texas ER measure project 

Mean height of woody vegetation (V5) 
Suitability of nesting/roosting habitat on non-island sites increases with areas. Further, this 
vegetation canopy height; optimum mean height is 7 m or more. of the project species would not be a 

Human disturbance is detrimental to great egret nesting/roosting. Optimal 
study area. good indicator species for 

Distance to road or dwelling (V6) habitat occurs where the nearest road or dwelling is 0.5 m or farther from wetland and marsh 

the site. Disturbance restoration 

Distance to human disturbance other than The optimal distance from potential nesting/roosting sites to disturbance 
road or dwelling (V7) other than roads or dwellings exceeds 50 m. 

The Greater White-

Optimal habitat is found when 100% of the study area is covered by water< Fronted Goose is not a 
Percentage of study area covered by water <1 

1 m in depth and/or emergent vegetation. Suitability decreases in a linear Cover species that would 
m in depth and/or emergent vegetation (V1) *See the Habitat 

fashion as the cover percentage decreases. Palustrine 
The overall suitability of 

Suitability Index 
commonly be found within 

Greater White- Aquatic Bed 
a study area is assumed 

model for Greater 
the ER measure study 

Fronted Goose Asner albifrons N/A NIA 
All Life 

and/or 
to increase with 

Multiple White-Fronted areas. Additionally, the 

(Wintering) 19 
Stages 

Emergent 
increasing area of 

Goose (Wintering) 
food variable for the 

Optimal habitat is found when 100% of the vegetative cover is known food agricultural lands species is highly limiting 
Percentage of vegetative cover that is known for the white-fronted geese. The following ranked preferences apply (from Wetland 

preferred by the geese. 
to complete the HSI 

Food calculation. and it would be difficult to 
food of white-fronted geese (V2) most preferred to least preferred): harvested rice, cultivated (plowed), achieve optimal 

harvested soybean, winter pasture, fallow or rangeland. conditions. 

A snag density of 5/ha represents optimal conditions for reproduction. The 
At optimal cover 

Hairy Woodpeckers 

Number of snags >25 cm dbh/ha 
optimal number of snags >25.4 cm dbh necessary to support maximum 

Deciduous component conditions, 
require trees and woody 

densities of hairy woodpeckers ranges from 180/40 ha to 200/40 ha, or 4.5 Reproduction vegetation as their habitat 

to 5 snags/ha. (SIN) 
Forest, the reproduction covers, which will not exist 

Trees are of an optimum size for nesting if the average dbh of overstory 
Evergreen component will *See the Habitat 

throughout most of the 
Mean dbh of overstory trees (V2) 

trees is >38 cm. 
Forest, determine the habitat Suitability Index 

coastal ER measure Hairy All Life Deciduous suitability index. If cover model for Hairy 

Woodpecker20 Picoides vil/osus NIA N/A 
Mean dbh of overstory trees (V2) 

Trees are of an optimum size for nesting if the average dbh of overstory 
Stages Forested conditions are anything 

Multiple 
Woodpecker to 

project areas. This species 

trees is >38 cm. mainly inhabits upland and 

Hairy woodpeckers prefer forests of moderate canopy cover. Optimal 
Wetland, less than optimum, then complete the HSI 

lowland forests. 
Evergreen the reproduction value calculation. 

Percent canopy cover of trees (V3) conditions for canopy cover occur at 85-90%. However, complete canopy Cover (SIC) 
Forested will be reduced based 

cover represents less than optimal habitat. 
Wetland on the quality of the 

Percent overstory pine canopy closure (V4) Optimal habitat is found when there is 0-15% overstory pine canopy closure. cover conditions. 
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Species Common Species Latin ER 
HSI life HSI limitations & Model Reasons for 

Habitat Type Measures HSI Habitat Variable HSI Habitat Variable Description Life Stage Habitat Formulas 
Name Name 

Affected 
Requisites Assumptions Type Elimination 

Optimal habitat is found when the area of the island is 2-50 ha. Small For the identified habitat 

Area of Island (V1) 
islands (<0.5 ha or <1 acre are likely to have a large portion of their surface for Laughing Gull, the 

inundated by storm tides. Large islands (>100 ha or >250 acres) are more woody cover component 

likely to be occupied by predators. would highly limit utility for 

Optimal habitat is found when the maximum ground elevation is 1-2 m. beach/dune restoration 

Maximum Ground Elevation (V2) 
Islands of this elevation are relatively invulnerable to inundation along the Topography (T) and tidal flats. Additionally, 

gulf coast during the nesting season, but still promote growth of desirable the species HSI model is 

vegetation. unique in that an SI score 

Optimal habitat is found when the mean slope of the island surface is 3% or The cover component is 
of 0 for any variable will 

Mean Slope of Island Surface (V3) result in an HSI score of 0. 
less. Flat or gently sloping terrain is most suitable for nesting laughing gulls. weighted the heaviest, This would make it difficult 

Optimal habitat is found when 50-100% of the herbaceous canopy cover is 
Salt Marsh, followed by the 

*See the Habitat to achieve optimal habitat 

Islands, 
Percentage Herbaceous Cover 0. 1-1 .0 m tall 

0. 1-1 .0 m tall. Sites dominated by herbaceous vegetation are preferred for 
Barrier, and topography component. 

Suitability Index conditions, and therefore a 

Laughing Gull21 Larus atricilla Beach/Dunes, CM-2 
(V4) 

nesting. 
All Life Spoil Islands The disturbance 

Multiple model for Laughing significant amount of 

and Tidal Flats Optimal habitat is found when 5-10% of the woody canopy cover is< 1 .0 m 
Stages along the Gulf component is weighted 

Gull to complete habitat units. 
of Mexico the least. An SI Score of 

Percent Woody Cover< 1 .0 m tall (V5) tall. Low densities of short bushes increase visual isolation and thereby Cover [CJ the HSI calculation. 
coastline 0 for any variable will 

increase nest densities. 
result in an HSI score of 

Percentage Woody Canopy Cover> 1 .0 m tall 
Optimal habitat is found when 5% or less of the woody canopy cover is> 1 .0 

0. 
(V6) 

m tall. Sites dominated by tall bushes or trees are not used by nesting 
laughing gulls. 
Optimal habitat is found when the distance to the mainland is 2.0-2.5 km. 

Distance to Mainland (V7) Accessibility of an island to terrestrial predators decreases with distance 
from sources of predators. 

Optimal habitat is found when the shortest distance by water to the nearest 
Disturbance (D) 

Distance to Boat Access Point (VS) boat access point is 20-25 km or more. Probability of human disturbance 
varies as a function of distance from access points. 

Optimal nesting habitat occurs when a 50m zone surrounding permanently Species habitat range not 

Percent herbaceous canopy cover (V1) 
flooded, intermittently exposed, and semi permanently flooded wetlands that Within 50m in Coastal Texas study 

support 30-75% canopy cover of herbaceous vegetation, ranging ram 25 to zone around area. Lesser Scaup 

0-1 61 cm in height. permanently require a freshwater 

0-2 Optimal nesting habitat occurs when a 50m zone surrounding permanently flooded, component within their 

G-11 Average height of herbaceous vegetation (V2) 
flooded, intermittently exposed, and semi permanently flooded wetlands that 

Nesting (SIN) 
intermittently habitat area, which will not 

G-12 support 30-75% canopy cover of herbaceous vegetation, ranging ram 25 to exposed, and be a common theme 

G-13 61 cm in height semi throughout the coastal 

B-5 permanently The HSI value is based 
*See the Habitat Texas ER measure project 

Wetlands & B-6 
The presence of shrubs enhances nesting habitat suitability when present at flooded on the limiting factor 

Suitability Index areas. Thus, the ER 
Lesser Scaup 

Aythya affinis Marsh and Tidal M-8 
Percent shrub crown cover (V3) densities from 10-25% in the 50 m zone surrounding permanently flooded, All Life wetlands concept and equals the Multiple 

model for Lesser measures would not be 
(Breeding)22 

Flats CA-4 
intermittently exposed, and semi permanently flooded wetlands. Stages 

lowest life requisite 
Scaup (Breeding) to not conducive with this 

CA-6 value. 
complete the HSI species and its optimal 

CA-5 Permanently calculation. habitat conditions. 
Percent canopy cover of emergent Optimal habitats that support maximum densities of lesser scaup broods flooded, CA-7 herbaceous vegetation (V4) contain 20-50% canopy cover of emergent herbaceous vegetation. 

SP-1 intermittently 

N-3 Brood (SIB) 
exposed, and 

N-5 semi-
Permanently flooded areas represent the most optimal habitat, followed by permanently 

Water regime (V5) intermittently exposed areas (intermediate suitability), and finally semi flooded 
permanently flooded areas (least suitable). wetlands 
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Species Common Species Latin ER 
HSI life HSI limitations & Model Reasons for Habitat Type Measures HSI Habitat Variable HSI Habitat Variable Description Life Stage Habitat Formulas 

Name Name 
Affected 

Requisites Assumptions Type Elimination 

0-1 Optimal habitat occurs when 80-100% of the study area is covered by food Lesser Snow Geese 
Food Availability (V1) require a freshwater 

0-2 plants, such as roots and rhizomes of native marsh plants. 
component within their 

G-11 Deltaic flats covered by water 20 cm (7.9 inches) or less are preferred habitat area, which will not 
G-12 Water Depth (V2) Food 

G-13 
feeding sites, with optimum roosting depths being similar. be a common theme 

B-5 Optimal tidal influence comprises of a tide height of 30 cm or greater. Tides *See the Habitat throughout the coastal 

B-6 
Tidal Influence (V3) 

affect the suitability of a marsh as a feeding or roosting site. 
The HSI value is based Suitability Index Texas ER measure project 

Lesser Snow Wetlands & on the limiting factor model for Lesser areas. Thus, the ER 
Goose Chen caerulescens 

Marsh and Tidal 
M-8 All Life 

Estuarine concept and equals the Multiple Snow Goose measures would not be 

(Wintering) 23 
caerulescens 

Flats 
CA-4 Water Depth (V2) 

Deltaic flats covered by water 20 cm (7.9 inches) or less are preferred Stages 
lowest life requisite (Wintering) to not conducive with this 

CA-6 feeding sites, with optimum roosting depths being similar. 
value. complete the HSI species and its optimal 

CA-5 
CA-7 Tidal Influence (V3) 

Optimal tidal influence comprises of a tide height of 30 cm or greater. Tides calculation. habitat conditions. 
affect the suitability of a marsh as a feeding or roosting site. Cover Additionally, snow geese 

SP-1 
N-3 

are not common 
Areas with over 75% open water are optimal roosting sites. In these areas, throughout the entire 

N-5 Open Water (V4) geese are able to be protected with open water nearby for escape and have Texas coast, particularly in 
CM-2 ample waring about predators. Region 4. 

Percentage cover of rushes, bulrushes, and 
Optimal nesting habitat is dominated by grasses and similarly structured 0 e UC 

cattails (V1) 
vegetation. 0% coverage of submerged substrate by rushes, bulrushes, or variables are highly 
cattails provides the most suitable habitat. specific, with detailed 

Quality of nesting habitat decreases with increasing cover of woody information required to 

Percentage canopy cover of trees and shrubs vegetation. Habitat with 0% coverage of trees and shrubs on unsubmerged sufficiently measure the 

(V2) substrate is optimal. Habitat with 30% woody vegetation canopy cover is habitat variable and 

unsuitable. achieve optimal 

The optimal structure of herbaceous vegetation on submerged substrate is conditions. The habitat 

growth in clumps with overlapping tops at> 0.75 m tall and/or providing> variables would be difficult 
Structure of herbaceous emergent vegetation 

80% overhead cover. Nesting habitat quality is related to height and density to quantify for the coastal 
0-1 (V3) 
0-2 of grasses and similarly structured vegetation excluding bulrushes, rushes, Texas ER measure project 

G-11 and cattails. areas. 

G-12 
Percentage cover of woody or herbaceous Optimal brood-rearing habitat is a submersed substrate supporting growth of Reproductive 

G-13 
emergent vegetation (V4) emergent vegetation at 50% of its area. Cover 

B-5 Optimal habitat is achieved when the structure of woody or herbaceous 
The HSI value is based *See the Habitat 

Wetlands & 
B-6 

Structure of woody herbaceous emergent 
emergent vegetation growing in continually submerged substrate is > 1.0 m 

on the limiting factor Suitability Index 

Mottled Duck24 Anas fulvigula 
Marsh and Tidal 

M-8 
vegetation (V5) 

tall and sufficiently dense to be almost impenetrable to a large predator, but All Life 
Estuarine concept and equals the Multiple model for Mottled 

maculosa 
Flats 

CA-4 with openings and passageways for escape of ducklings. Quality of Stages 
lowest life requisite Duck to complete 

CA-6 emergent vegetation as escape cover is related to its height and density. 
value. the HSI calculation. 

CA-5 
Percentage of study area that is land 50% of the study area being land is most suitable for mottled ducks. Optimal 

CA-7 
SP-1 

(substrate not submerged and not supporting reproductive habitat for mottled ducks consists of equal amounts of nesting 

N-3 
growth of rushes, bulrushes, or cattails) (V6a) and brood-rearing habitats. 

N-5 
Percentage of study area that is land (nesting Optimal habitat is achieved when more than 80% of the study area is land 

CM-2 
hens) (V6b) for nesting hens. 
Percentage of study area that is land (hens Optimal habitat is achieved when 20% or less of the study area if land for 
with broods) (V6c) hens with broods. 

Optimal conditions occur when there is 100% of continually submerged 
Water depth (V7) substrates with water depth less than 30.0 cm at low mean tide. Depth of Food 

water is related to feeding efficiency of mottled duck hens and broods. 

Optimal conditions occur when there is no level of disturbance. Irregular 
Disturbance level (VS) disturbance is terminal to nesting mottled duck hens and hens with broods. Other 

*See HSI document for definition of disturbance levels. 

ED_013073_00000015-00014 



Habitat Type Measures HSI Habitat Variable HSI Habitat Variable Description 
Requisites 

Life Stage Habitat Assumptions Formulas 
Elimination 

Affected 
ercent stream grad nt 

Water Riverine 
Species applicable to very 

Avg. water fluctuations on annual basis (V2) few ER measures in 
Percent tree canopy closure (V3) Coastal Texas study. 
Percent of trees in 1-6 in. dbh size class (V4) 

Riverine & 
Percent shrub crown closure (V5) Winter Food 

Wetlands 
Avg. height of shrub canopy (V6) 
Species composition of woody vegetation (V7) The HSI value is based 

Avg. water fluctuation on annual basis (VS) Water All Life Wetlands 
on the limiting factor *See HSI document 

Beaver25 Castor canadensis NIA NIA Shoreline development factor (V9) *See HSI document for detailed variable descriptions. 
Water Stages Lacustrine 

concept and equals the Multiple for detailed formula 

Percent tree canopy closure (V3) lowest life requisite descriptions. 

Percent of trees in 1-6 in. dbh size class (V4) value. 

Percent shrub crown closure (V5) 
Avg. height of shrub canopy (V6) Winter Food Lacustrine 
Species composition of woody vegetation (V7) 

Percent of lacustrine surface dominated by 
yellow/white water lily (VS) 

The HSI value for a 
Spe applicable to very 

Percent of the sample area covered by few ER measures in 
grass/forb-shrub vegetation (V1) Undeveloped, 

single cover type 
*See HSI document Coastal Texas study. 

Bobcat26 Fe/is rufus NIA NIA *See HSI document for detailed variable descriptions. Food 
All Life 

non-flooded 
species is based on the 

Single for detailed formula 
Percent of the grass/forb-shrub portion of the Stages 

lands 
limiting factor concept 

descriptions. 
sample area covered by grass/forb vegetation and equals the lowest 

(V2) life requisite value. 

Percent canopy closure of trees that produce Deciduous 
Species applicable to very 

hard mast (V1) Winter Food Forest, 
The HSI value for a few ER measures in 
single cover type Coastal Texas study. 

Distance to available grain (V2) All Life 
Deciduous 

species is based on the 
*See HSI document 

Fox Squirrel27 Sciurus niger NIA NIA *See HSI document for detailed variable descriptions. 
Stages 

Tree, Savanna, 
limiting factor concept 

Multiple for detailed formula 
Average dbh of overstory trees (V3) Deciduous descriptions. 
Percent tree canopy closure (V4) 

Cover and 
Forested 

and equals the lowest 
Reproduction life requisite value. 

Percent shrub crown cover (V5) Wetland 

Proportion of total tree canopy cover that is The HSI value is based Species applicable to very 

hard mast producing trees (V1) Winer Food on the limiting factor *See HSI document few ER measures in 

Gray Squirrel28 Sciurus All Life Coastal Texas study. 
carolinensis 

NIA NIA Number of hard mast tree species (V2) *See HSI document for detailed variable descriptions. 
Stages 

Forest concept and equals the Multiple for detailed formula 

Percent canopy cover of trees (V3) Cover/ lowest life requisite descriptions. 

Mean dbh of overstory trees (V4) Reproduction value. 

Percent of year w/ surface water present (V1) Water 
Species habitat range not 
in Coastal Texas study 

Percent canopy cover of trees (V2) area. 
Percent canopy cover of shrubs (V3) The HSI value is based 
Percent canopy cover of trees and shrubs 

All Life 
Lacustrine, on the limiting factor *See HSI document 

Mink29 Mustela vison NIA NIA within 100m ofwetland's edge (V4) *See HSI document for detailed variable descriptions. Riverine, concept and equals the Multiple for detailed formula 
Percent canopy cover of emergent Cover 

Stages 
Palustrine lowest life requisite descriptions. 

Percent shoreline cover w/in 1 m of water's value. 
edge (V6) 

Percent canopy cover of trees and shrubs 
within 100m ofwetland's edge (V4) 
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Species Common Species Latin ER 
HSI life HSI limitations & Model Reasons for 

Habitat Type Measures HSI Habitat Variable HSI Habitat Variable Description Life Stage Habitat Formulas 
Name Name 

Affected 
Requisites Assumptions Type Elimination 

Percent canopy cover of emergent 
Species habitat range not 

herbaceous vegetation (V1) 
in Coastal Texas study 

Cover area. 

Percent of year with surface water present 
(V2) 

Percent canopy cover of emergent 
herbaceous vegetation (V1) 

Percent of emergent herbaceous vegetation Food The HSI value is based 
consisting of bulrush, common three-square on the limiting factor *See HSI document 

Muskrat30 Ondatra zibethicus N/A N/A bulrush, or cattail (V3) *See HSI document for detailed variable descriptions. 
All Life Estuarine, 

concept and equals the Multiple for detailed formula 
Percent of year with surface water present Stages Riverine 

lowest life requisite descriptions. 
(V2) Cover value. 
Percent stream gradient (V4) 

Percent of riverine channel with surface water 
present during typical minimum flow (V5) 

Cover/Food 

Percent of riverine channel dominated by 
emergent herbaceous vegetation (V6) 

Percent herbaceous canopy cover w/in 1 Om of 
Food 

water's edge (V7) 

Biomass of available browse (V1) The HSI value is Spe a ital range not 

Avg. visual obstruction measurement of live Food Forest, 
determined by 

*See HSI document 
in Coastal Texas study 

All Life multiplying variables area. 
Snowshoe Hare31 Lepus americanus N/A N/A forage class vegetation (V2) *See HSI document for detailed variable descriptions. 

Stages 
Savanna, 

one and two, and 
Multiple for detailed formula 

Avg. visual obstruction measurement of all 
Shrubland 

multiplying variables two 
descriptions. 

living and dead vegetation (V3) 
Cover 

and three. 

Percent tree canopy closure (V1) Spe applicable to very 
Food/Cover few ER measures in Water regime (V2) 

Coastal Texas study. 
Percent shrub crown closure (V3) Evergreen and 

Sylvilagus Percent herbaceous canopy cover (V4) Food/Cover All Life deciduous 
*See HSI document for *See HSI document 

Swamp Rabbit32 N/A N/A *See HSI document for detailed variable descriptions. detailed limitation and Multiple for detailed formula 
aquaticus Water regime (V2) Stages forested 

assumptions. descriptions. 
Percent herbaceous canopy cover (V4) wetland 

Average height of herbaceous canopy (V5) Food/Cover 

Water regime (V2) 

Quantity of suitable forage physically available 
Species applicable to very 
few ER measures in 

to deer within the habitat block (V1) 
Coastal Texas study. 

Apparent dry matter digestibility of forages Autumn-Winter 
physically available to deer (V2) Forage (Model I) 

Calculation of the metabolizable energy 
content of each type of forage physically 
available to deer (V3) Forests, 

White-tailed Odocoileus All Life 
Savanna, *See HSI document for *See HSI document 

Deer33 virginiaus 
N/A N/A Quantity of suitable forage physically available *See HSI document for detailed variable descriptions. 

Stages 
Wetland, detailed limitation and Multiple for detailed formula 

to deer within the habitat block (V1) Autumn-Winter Haland, assumptions. descriptions. 

Apparent dry matter digestibility of forages 
Forage (Model II) Cropland 

physically available to deer (V2) 

Average dry matter yield of suitable forage per 
1 m2 plots (V4) 

Number of stems/ha of species of woody 
Autumn-Winter 

shrubs and trees that provide mast to deer 
Forage (Model Ill) 

during autumn-winter (V5) 
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Species Common Species Latin ER 
HSI life HSI limitations & Model Reasons for 

Habitat Type Measures HSI Habitat Variable HSI Habitat Variable Description Life Stage Habitat Formulas 
Name Name 

Affected 
Requisites Assumptions Type Elimination 

Optimal habitat occurs where 20-40% of the wetland is open water (ponds, American Alligators are 
Percentage of wetland that is open water (V1) bayous, canals). Optimal nesting alligator habitat is composed of 20-40% not common along the 

0-1 
open water and 60-80% vegetated wetland. entire Texas coast, and 

0-2 
Optimal habitat occurs where 10-20% of open water area is in bayous, Cover-breeding therefore this species 

Percentage of open water that is in bayous or canals, or greater than 1 .2 m deep in lakes and ponds. Deepwater areas in would not be able to be 
G-11 

canals (V2) bayous, canals, ponds, and lakes are essential habitat components for adult modeled equally 
G-12 
G-13 

alligators during breeding season. throughout all four regions 

Optimal habitat occurs where 20-40% of the wetland is open water (ponds, for the Coastal Texas 
B-5 
B-6 

Percentage of wetland that is open water (V1) bayous, canals). Optimal nesting alligator habitat is composed of 20-40% 
*See HSI document for *See HSI document 

study. 
American Alligator Wetland & open water and 60-80% vegetated wetland. All Life 

Alligator34 mississippiensis Marsh 
M-8 

Stages 
Estuarine detailed limitation and Multiple for detailed formula 

CA-4 Optimal habitat occurs when there is high interspersion (10-15 ponds with assumptions. descriptions. 
CA-6 Interspersion (V3) >0.2 ha per 6 ha). Nesting alligator habitat quality is directly related to the 
CA-5 degree of interspersion of water bodies within the vegetated wetlands. 
CA-7 

Cover-Nesting 

SP-1 Optimal habitat occurs where 100% of the ponded area contains waters> 

N-3 
Percentage of ponded area with water >15 cm 15 cm deep from May to September. Ponds that dry out during the spring 

N-5 
deep (V4) and summer tend to restrict the movements of alligators and increase the 

vulnerability of the young to predation. 
Percentage of substrate exposed at low mean Optimal habitat occurs where 0% of the substrate is exposed at mean low 
tide (tidal areas only) (V5) tide from Ma to Se !ember. 

Percent cover of emergent and submerged 
Optimum conditions occur at 90% or more cover of emergent and 

Food/Cover 
er U1iles require a 

vegetation (V1) 
submerged vegetation, since peak densities of sliders occur at and above 

(SIFC) 
freshwater component 

this leveL within their habitat area, 

Optimal conditions exist when velocity is 0 cm/sec. Sliders prefer quiet which will not be a 
Velocity (V2) 

waters, such as those existing in lacustrine environments. common theme throughout 

The slide occurs most often and at the highest densities in bodies of water The HSI value is based the coastal Texas ER 
Water depth (V3) 

with a depth of 1-2 m. Water(SIW) on the limiting factor *See HSI document measure project areas. 

Slider Turtle35 Pseudemys scripta N/A N/A 
All Life 

Estuarine concept and equals the Multiple for detailed formula Thus, the ER measures 

Water regime (V4) 
Wetlands containing permanent water (permanently flooded) will have the Stages 

lowest life requisite descriptions. would not be not 
highest likelihood of supporting slider turtles throughout the year. 

value. conducive with this 

The optimal range for water temperature is 25°C-30°C. Temperatures above 
species and its optimal 
habitat conditions. 

Water temperature (V5) 
40C at any time during the year are considered to have a suitability index of Temperature 
0.0. The critical period is during the slider's growing period and when (SIT) 
ambient water temperature is at its highest level (April through September). 

Water temperature must be above 16 °C for turtles to eat, and mean Snapping Turtles require a 
Mean water temperature at mid-depth during preferred temperature is 28. 1°C. Critical thermal max is identified as 37°C. freshwater component 
summer (°C) (V1) Temperatures less than 0°C or warmer than 37°C are lethal to snapping within their habitat area, 

turtles. which will not be a 

Mean current velocity at mid-depth during Optimal conditions occur when mean current velocity at mid-depth during 
common theme throughout 

Food (SIF) the coastal Texas ER 
summer (emfs) (V2) summer is 0 emfs. Suitability decreases as mean current velocity increases. measure project areas. 

Potential for optimum food conditions for snapping turtles occurs in *See HSI document for *See HSI document 
Thus, the ER measures 

Snapping Turtle36 Che/ydra Percent canopy cover of aquatic vegetation in permanently and semi permanently flooded wetlands with preferred water All Life 
for detailed formula 

would not be not 
N/A N/A Estuarine detailed limitation and 

serpentina the littoral zone (V3) temperatures, no current, and 100% coverage of aquatic vegetation within Stages conducive with this 

the littoral zone. 
assumptions. descriptions. 

species and its optimal 

If winter water depth is greater than maximum ice depth, then optimum habitat conditions. 
Maximum water depth greater than maximum 

suitability is achieved. If winter water depth is less than maximum ice depth, 
ice depth (V4) 

then no suitability is achieved. 
Winter Cover 

100% slit in substrate is optimal. Snapping turtles burrow into the mud to 
(SIWC) 

Percent silt in substrate (V5) 
hibernate. 

Distance to small stream (km) (V6) Optimal distance to a small stream is 0 km. Reproduction 
Distance to permanent water (km) (V7) 0 timal distance to ermanent water is 0 km. Inters ersion 
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Species Common 
Name 

Bullfrog37 

References: 

Species Latin 
Name 

Rana catesbeiana 

ER 
Habitat Type Measures 

Affected 

Wetland & 
Marsh 

0-1 
0-2 

G-11 
G-12 
G-13 
B-5 
B-6 
M-8 
CA-4 
CA-6 
CA-5 
CA-7 
SP-1 
N-3 
N-5 

HSI Habitat Variable 

Mean distance from shore to water> 1.5m 
deep (V1) 

HSI Habitat Variable Description 

Optimal conditions occur when the mean distance from shore at which water 
depth of >1.5 m occurs is 10-20 m. 

Percent canopy cover of aquatic vegetation in 
the littoral zone (V2) Optimal conditions exist when canopy cover ranges from 55% to 80%. 

Percent shoreline cover (V3) 

Mean water transparency (cm) (V4) 

A positive linear relationship exists with suitability and percent shoreline 
coverage. The optimal habitat is 100% covered by shoreline vegetation. 

A mean secchi disk depth ranging from 100 to 300 cm corresponds to 
optimal phytoplankton abundance for larval bullfrogs. 

Maximum water depth greater than maximum If winter water depth is greater than maximum ice depth, then optimum 
ice depth (V5) suitability is achieved. If winter water depth is less than maximum ice depth, 

then no suitability is achieved. 

Percent silt in substrate (V6) 

Mean current velocity at mid-depth during 
summer (emfs) (V7) 
pH (V8) 
Mean water temperature at mid-depth during 
summer (°C) (V9) 

Frequency of water level fluctuations >2m 
Distance to ermanent water (m V11 

100% slit in substrate is optimal. Bullfrogs burrow into the mud to hibernate. 

Optimal current velocity at mid depth during summer is 15 emfs or less. 

Optimal pH ranges between 5-8.5. 

Optimal mean temperatures at mid-depth during summer is 25-30C. 

Optimal frequency of water level fluctuations >2m is <1. 
0 timal distance to ermanent water is 0. 

1Diaz, R.J., and C.P. Onuf. 1985. Habitat suitability index models: juvenile Atlantic Croacker (revised). U.S. Fish Wildl. Serv. Biol. Rep. 82(10.98). 23 pp. 
2Gutzwiller, K.J., and S.H. Anderson. 1987. Habitat suitability index models: marsh wren. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.139). 13 pp. 
3Howard, R.J., and H.A. Kantrud. 1983. Habitat suitability index models: redhead (wintering). U.S. Dept. Int. Fish Wildl. Serv. FWS/OBS082f10.53. 14 pp. 

HSI life 
Requisites 

Food 

Winter Cover 

Reproduction 

Inters ersion 

4Christmas, J.Y., J.T. McBee, R.S. Waller, and F.C. Sutter Ill. 1982. Habitat suitability index models: Gulf menhaden. U.S. Dept. Int. Fish Wildl. Serv. FWS/OBS-82/10.23. 23 pp. 
5Stickney, R.R., and N.L. Cuenca. 1982. Habitat suitability index models: Juvenile Spot. U.S. Dept. Int. Fish Wildl. Serv. FWS/OBS-82/10.20. 12 pp. 
6Cake, E.W., Jr. 1983. Habitat suitability index models: Gulf of Mexico American Oyster. U.S. Dept. Int. Fish Wildl. Serv. FWS/OBS-82/10.57. 37 pp. 
7Mulholland, R. 1984. Habitat suitability index models: hard clam. U.S. Fish Wildl. Serv. FWS/OBS-82/10.77. 21 pp. 
8Mulholland, R. 1984. Habitat suitability index models: pink shrimp. U.S. Fish Wildl. Serv. FWS/OBS-82/10.76. 17 pp. 
9Allen, A.W. 1985. Habitat suitability index models: American coot. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.115). 17 pp. 
1°Cade, B.S. 1985. Habitat suitability index models: American woodcock (wintering). U.S. Fish Wildl. Serv. Biol. Rep. 82(10.105) 23 pp. 
11Allen, A.W. 1987. Habitat suitability index models: barred owl. U.S. fish Wild. Serv. Biol. 82(10.143). 17 pp. 
12Prose, B.L. 1985. Habitat suitability index models: Belted Kingfisher. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.87). 22 pp. 
13McKenzie, P.M., and P.J. Zwank. 1988. Habitat suitability index models: black-bellied whistling-duck {breeding). U.S. Fish Wildl. Serv. Biol. Rep. 82(10.150). 22 pp. 
14Faanes, C.A., and R.J. Howard. 1987. Habitat suitability index models: black-shouldered kite. U.S. Fish Wild I. Serv. Biol. Rep. 82(10.130). 13 pp. 
15Schroder, R.L. 1982. Habitat suitability index models: Downy woodpecker. U.S. Dept. Int., Fish Wildl. Serv. FWS/OBS-82/10.38. 10 pp. 
16Schroeder, R.L. 1985. Habitat suitability index models: Eastern wild turkey. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.106). 33 pp. 
17Short, H.L., and R.J. Cooper. 1985. Habitat suitability index models: Great blue heron. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.99) 23 pp. 
18Chapman, B.R., and R.J. Howard. 1984. Habitat suitability index models: great egret. U.S. Fish Wildl. Serv. FWS/OBS-82/10.78. 23 pp. 
19Kaminski, R. M. 1986. Habitat suitability index models: greater white-fronted goose (wintering). U.S. Fish Wildl. Serv. Biol. Rep. 82(10.116). 14 pp. 
20Sousa, P.J. 1987. Habitat suitability index models: hairy woodpecker. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.146). 19 pp. 
21Zale, AV., and R. Mulholland. 1985. Habitat suitability index models: laughing gull. U.S. Fish Wildl. Serv. Biol. Rep. 82{10.94). 23 pp. 
22Allen A.W. 1986. Habitat suitability index models: Lesser scaup (breeding). U.S. Fish Wildl. Serv. Biol. Rep. 82(10.117). 16 pp. 
23Leslie, J.C., and P.J. Zwank. 1985. Habitat suitability index models: lesser snow goose (wintering). U.S. Fish Wildl. Serv. Biol. Rep. 82(10.97). 16 pp. 
24Rorabaugh, J.C., and P.J. Zwank. 1983. Habitat suitability index models: mottled duck. U.S. Dept. Int. Fish Wildl. Serv. FWS/OBS-82/10.52. 26 pp. 
25Allen, A.W. 1982. Habitat suitability index models: Beaver. U.S. Dept. Int., Fish Wildl. Serv. FWS/OBS-82-10.30. 20 pp. 
26Boyle, K.A., and T.T. Fendley. 1987. Habitat suitability index models: bobcat. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.147). 16 pp. 
27Allen, A.W. 1982. Habitat suitability index models: fox squirrel. U.S. Dept. Int., Fish Wildl. Serv. FWS/OBS-82/10.18. 11 pp. 
28Allen, A.W. 1987. Habitat suitability index models: gray squirrel, revised. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.135). 16 pp. [First printed as: FWS/OBS-82/10.19, July 1982.] 
29Allen, A.W. 1986. Habitat suitability index models: mink, revised. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.127). 23 pp. [First printed as: FWS/OBS-82/10.61, October 1983.] 
30Allen, A.W., and R.D. Hoffman. 1984. Habitat suitability index models: Muskrat. U.S. Fish Wildl. Serv. FWS/OBS-82/10.46. 27 pp. 
31Carreker, R.G. 1985. Habitat suitability index models: snowshoe hare. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.101 ). 21 pp. 
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Life Stage 

All Life 
Stages 

Habitat 

Estuarine 

HSI limitations & 
Assumptions 

*See HSI document for 
detailed limitation and 
assumptions. 

Model 
Type 

Multiple 

Formulas 
Reasons for 
Elimination 

Bullfrogs require a 
freshwater component 
within their habitat area, 
which will not be a 
common theme throughout 
the coastal Texas ER 
measure project areas. 
Thus, the ER measures 
would not be not 

*See HSI document condusive with this 
for detailed formula species and its optimal 
descriptions. habitat conditions. 



Species Common Species Latin 
Name Name 

ER 
Habitat Type Measures 

Affected 
HSI Habitat Variable 

32Allen, A.W. 1985. Habitat suitability index models: Swamp rabbit. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.107). 20 pp. 

HSI Habitat Variable Description 
HSI life 

Requisites 

33Short, H.L. 1986. Habitat suitability index models: White-tailed deer in the Gulf of Mexico and South Atlantic coastal plains. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.123). 36 pp. 
34Newsom, J.D., T. Joanen, and R.J. Howard. 1987. Habitat suitability index models: American alligator. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.136). 14 pp. 
35Morreale, S.J ., and J.W. Gibbons. 1986. Habitat suitability index models: Slider turtle. U.S. Fish Wild I. Serv. Biol. Rep. 82(10.125). 14 pp. 
36Graves, B.M., and S.H. Anderson. 1987. Habitat suitability index models: snapping turtle. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.141 ). 18 pp. 
37Graves, B.M., and S.H. Anderson. 1987. Habitat suitability index models: bullfrog. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.138). 22 pp. 
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Life Stage Habitat 
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Message 

From: 

Sent: 
To: 

Stokes, Janelle S CIV USARMY CESWF (US) [janelle.s.stokes@usace.army.mil] 

5/3/2017 2:50:46 PM 
Aaron Chastain - NOAA Affiliate [aaron.chastain@noaa.gov]; Burks-Copes, Kelly A CIV USARMY CESWF (US) 
[Kelly.A.Burks-Copes@usace.army.mil]; Hausmann, Charles [crh@calhounport.com]; Clark, David S CIV USARMY 

CESWF (US) [David.S.Clark@usace.army.mil]; Roco, Coleen [Colleen.Roco@tpwd.texas.gov]; Knuckey, David 
[dmk@calhounport.com]; Anderson, Donna [donna_anderson@fws.gov]; Fontenot, Alison 
[Fontenot.Alison@epa.gov]; Baumgarten, Gary [baumgarten.gary@epa.gov]; Franks, Jessica 
[Franks.Jessica@epa.gov]; Keeler, Barbara [Keeler.Barbara@epa.gov]; Martinez, Maria [Martinez.Maria@epa.gov]; 

Mahoney, Matthew [matthew.mahoney@txdot.gov]; Kaspar, Paul [kaspar.paul@epa.gov]; Peter Schaefer 
(Peter.Schaefer@tceq.texas.gov) [Peter.Schaefer@tceq.texas.gov]; Swafford, Rusty [rusty.swafford@noaa.gov]; 

Alford, Scott [scott.alford@tx.usda.gov]; Skalbeck, Kathryn A (Kathy) CIV USARMY CESWF (US) 
[Kathryn.A.SKALBECK@usace.army.mil];Willey, Sheridan S (Sheri) CIV USARMY CESWG (US) 
[Sheridan.S.Willey@usace.army.mil] 

Subject: Matagorda Ship Channel- EPA's presentation at first meeting 

Attachments: EPA presentation for MSC mtg April 25 2017 Version 4_20_2017.pdf 

Hi everyone, 

Here is a pdf version of the presentation EPA and Alcoa made at the last meeting. 

Jan 

Janelle Stokes 
Regional Technical Specialist 
Environmental Compliance Branch, Coastal Section 
Regional Planning and Environmental Center 
U.S. Army Corps of Engineers 
2000 Fort Point Road 
Galveston, Texas 77550 
409/766-3039 
Webinar address 
http://www.webmeeting.att.com 
call in and web meeting number 866-434-5269 
Access code 8362189 
Security code 1234 
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April 25t 2017 
U.S. Army Corps of 
Engineers 
Galveston District 
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Alcoa/Lavaca Bay Superfund Site 

N I 

+ 
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Site Description 

• Background 
• Aluminum smelter: 1948 - 1980 

• Bauxite refining began in 1959 for production of alumina 

• Mercury used at Chlor-Alkali Process Area (CAPA) from 1966 to 
1979 for the production of caustic 

• Portion of Lavaca Bay Closed by state in 1988; prohibits keeping 
of fish/shellfish 

• Placed on NPL: March 1994 

• COCs: mercury and PAHs 

• Record of Decision: December 2001 

• Construction Completed: July 2007 

• Five Year Review 
• First Five~Year Review signed June 2011 

• Second Five~Year Review signed July 2016 
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Lavaca Bay Sample Results 

• Alcoa began sampling water, sediment, biota in 1994 to complete 
the Remedial Investigation/Feasibility Study (Rl/FS) 

• Sediment sampling conducted in open and closed areas of 
Lavaca Bay 

• Samples collected at surface and at depth 

• Remedial action annual effectiveness reports (RAAERS) submitted by 
Alcoa since 2005 

• Current sampling focused on mercury levels in closed area sediment 
marsh areas, red drum and blue crab 

• Sampling conducted in areas of Lavaca Bay to support evaluation 
of third-party projects 

• Sargas 

• Excelerate 

• BP pipeline 
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Mercury Concentration in Sediment 
5-30 cm 
RI Sampling 1996 
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Mercury Concentration in Sediment 
30 - 50 cm 
RI Sampling 1996, 1997 
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Mercury Concentration in Sediment 
50 - 70 cm 
RI Sampling 1996, 1997 
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Excelerate LNG Terminal Project 
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Location of Proposal Excelerate 
Terminal and Berthing Basin 

• Sampling conducted in 
2013 

• Core samples analyzed in 
2 foot segments to 
provide a mercury profile. 

• Probe data used to 
determine the depth of 
unconsolidated material 
and the elevation of 
underlying soil. 
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Sargas Access Channel 

N 

A 
1,000 2,000 

--...:====Feet 

0 
89.rge Mooring Basin 
39.mple Stations 

D 89.rge Jlccess Chanrel 
39.mple Stations 

0 Coolirg Water Disch3rge 
Zone Samp e Stat b ns 

(:J 89.rge hcess Channel 

LJ fkoring Basin 

Noi;,s 

:2000 0.5rn 0000 (Poin1Cornbrt) 
CeJ~,ou n Counfy, T""'es 

Barge Access Channel, 
Mooring Basin, and Cooling 

Water Disch3Jge Zone 
Sample Stations 

• Sampling conducted in 
2013 

• Core samples analyzed in 
2 foot segments to 
provide a mercury profile 

• Composite sediment 
sample (from the surface 
to the bottom of each 
core) was collected and 
analyzed for mercury 
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Cleanup Activities 

• Removal action at Dredge Island 

• Hydraulic containment system at CAPA 

• Dredging of contan1inated sediment 

• Marsh ren1oval north of Dredge Island 

• Natural recovery of areas not dredged 

Sedlrnent monitoring in open water and marsh areas 

Fish and prey item monitoring program 

• Objective: reduce levels of rnercury in flnflsh so fish closure can be lifted 

• ROD estimated fish recovery would occur with 10-15 years 

• Cleanup levels set for mercury ln Lavaca Bay 

• 0.5 rng/kg In open water sedirnent 

• 0.25 mg/kg in n1arsh sediment 
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Disposal Area Boundary 

Dredge Treatability Study-Phase 1 

Dredge Treatability Study-Phase 2 (1/99-2/99) 

Dredge Island Stability Project (6/99-11/00) 

Witco Channel & Harbor(12/01-1/02) 

Witco Marsh Dredge Project (1/06,3/06-4/06) 

Marsh 14 Dredge Project (6/13-6/1 3) 
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Lavaca Bay 
Remediation History 

PROJECT 021936 DATE. 4"1112017 
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2nd Five-Year Review Findings 

• Assessment Findings 
• Remedial actions are effective in reducing mercury levels in sediment 

• Mercury levels in prey items (blue crab) show downward trends 

• Levels of mercury in finfish (red drum) continue to remain elevated in 
the Closed Area 

•Fish mercury levels do not show downward trends 

•Mercury levels in fish show differing trends in the Closed Area 

• Residual sources of mercury impacting sediment may exist 

• Marshes are potential areas of enhanced methylation even when total 
mercury levels are low 

• Continuing education of the public regarding the fish closure is an 
ongoing effort 



Total Mercury in Red Drum Tissue 1997-2016 

1.600 

1.400 

i 1.200 

0.600 

0.400 

0.200 

0.000 -
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

_._Closed 1.163 1.297 1.103 1.592 1.331 1.029 1-088 0.756 0.865 1.173 1.291 0.895 0.848 0.877 1.170 1.057 1.142 1.323 0.749 

-®'=Adjacent 0.455 0.475 0.537 0.516 0.492 0.641 0.479 0.465 0.511 0.432 0.652 0.396 0.377 0.381 0.331 0.400 0.453 0.422 0.374 

Year 

-+-Closed -&=Adjacent 

ED_013073_00000021-00017 



Possible Ongoing Sources 

ln~Place Sediments/Soils: 

• Sloughing of sediments on the walls or 
adjacent slopes of the Alcoa and 
Witco Channels 

ED_013073_00000021-00018 

Erosion along edges of Dredge Island 

Er ion of MS3 

hipping induced resuspension of 
Witco Harbor sediments 

Resuspension of open water sediments( 
particularly in Causeway Cove 

Resuspension from 

Witco Harbor 

transported out to the 

Causeway Cove 

Transport of 
resuspended 

sediments 
from Alcoa 

channel and 



201 7 Response Actions 
Jan-Feb (Complete) 
Remove approximately 
15,000 cubic yards of marsh 
sediments from Causeway 
Cove 

Mav - October 
Dredge/excavate 61,000 
cubic yards of 
sediments/soils from 
Mainland Shoreline #3 
Upland 

Dredge up to approximately 
300,000 cubic yards 
sediment from Witco 
Channel/Harbor, Mainland 
Shoreline #3 Marshes and 
adjacent areas 

ED_013073_00000021-00019 

'•'1.'rtco arid MS3 Adjsc~n: Are11s 
Oreci~ir1gf..r<:a 

Ll:J MS3 U::,JlaM E:~ta .. ation Area 

~ Soi.1th MS3 Dr-f!.jgin'iJ ~Js-a 

- Mars-nEx~s1.rilt1or:Ar-8.a:>-

ALCOA 
POINT COMFORT, TX OPERATIONS 

2017 REMEDIATION PROJECT AREAS 

PASTOR, BEHLING & WHEELER, LLC 
C:)t,su_; NG· ['·-lGIMEERS- ··~'~C-::,(:![l<ffi$-$ 



Planned 201 7 -21 Monitoring and Reporting Activities 

- 2017-18 
• Assess data and report in Remedial Action 

Annual Effectiveness Reports (RAAERs) 
• Annual sedlrnent and fish/shellfish monitoring 
• Assess data to deterrnine If additional response 

action required 

- 2019 
• Assess data and report In annual RAAER 
• During 2nd Quarter EPA prepares Addendum 

to 2nd Five-Year Report 
• Annual sedln1ent and fish/shellfish monitoring 
• Assess data to detern1ine if additional response 

action required 

- 2020-21 
• Assess data and report in annual RAAERs 
• Annual sediment and fish/shellfish n1onitoring, 

unless otherwise n1od!fled 
• 2nd Quarter 2021 :EPA prepares 3rd Five-Year 

Report 
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Message 

From: 

Sent: 
To: 

Subject: 

Hi Janelle, 

Baumgarten, Gary [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =E C8CCODF880C40B2BAB 700632534 703E-BA U MGARTE N, GARY] 

4/3/2017 5:30:40 PM 

Stokes, Janelle S CIV USARMY CESWF (US) [janelle.s.stokes@usace.army.mil] 

RE: Matagorda Ship Channel Feasibility Study - Recurring Resource Agency Meeting and First Meeting 

Announcement 

I wanted to let you know that Kevin Riggs with Alcoa will be attending the meeting on the 25th. Kevin 
works at the Alcoa Point Comfort Operations facility. 

Besides the update on the Superfund project, are there other agenda topics you plan to cover during the 
meeting? 

To help in putting together a presentation about the Superfund site, were you envisioning about a 30-40 
minute presentation? 
I don't want to bore people with too much information. 

Feel free to give me a call to talk more about what you would like to see presented. 

Thanks, 
Gary 

-----original Message-----
From: Stokes, Janelle s CIV USARMY CESWF (US) [mailto:janelle.s.stokes@usace.army.mil] 
Sent: Monday, March 20, 2017 11:20 AM 
To: Aaron Chastain - NOAA Affiliate <aaron.chastain@noaa.gov>; Burks-Copes, Kelly A CIV USARMY CESWF (US) 
<Kelly.A.Burks-Copes@usace.army.mil>; Hausmann, Charles <crh@calhounport.com>; Roca, Coleen 
<Colleen.Roco@tpwd.texas.gov>; Knuckey, David <dmk@calhounport.com>; Anderson, Donna 
<donna_anderson@fws.gov>; Fontenot, Alison <Fontenot.Alison@epa.gov>; Baumgarten, Gary 
<baumgarten.gary@epa.gov>; Franks, Jessica <Franks.Jessica@epa.gov>; Keeler, Barbara 
<Keeler.Barbara@epa.gov>; Martinez, Maria <Martinez.Maria@epa.gov>; Mahoney, Matthew 
<matthew.mahoney@txdot.gov>; Kaspar, Paul <kaspar.paul@epa.gov>; Peter Schaefer 
(Peter.schaefer@tceq.texas.gov) <Peter.schaefer@tceq.texas.gov>; Swafford, Rusty 
<rusty.swafford@noaa.gov>; Alford, Scott <scott.alford@tx.usda.gov>; Skalbeck, Kathryn A (Kathy) CIV 
USARMY CESWF (US) <Kathryn.A.SKALBECK@usace.army.mil>; Willey, Sheridan s (Sheri) CIV USARMY CESWG (US) 
<Sheridan.S.Willey@usace.army.mil> 
subject: Matagorda ship channel Feasibility Study - Recurring Resource Agency Meeting and First Meeting 
Announcement 

Good morning! 

Thank-you all for responding to the Google poll. As always, we can't accommodate everyone's schedule, 
but it appears that the afternoon of the fourth Tuesday of every month is best for most. 

our first meeting will be held on April 25, from 1:00-3:30, in Conf Room 120 here in the Galveston 
District office. Gary Baumgarten, from EPA's Contaminated sediments Technical Advisory Group, has agreed 
to come and brief us on the Alcoa Superfund site and remediation status. He has also arranged to bring 
an Alcoa representative who is involved in the actual work. our goal for this meeting is to obtain a 
broad understanding of the work accomplished to date (including previous sampling and testing events), 
current status of the mercury contamination in the bay, and discuss what still needs to be done. 

For those wishing to call-in, a webmeeting will be available. Please see my signature block below for 
the call-in and log-in information. If you plan on attending in person, please let me know a day or two 
ahead of time. I need to give the guards at the gate a list of attendees. 

Jan 

Janelle Stokes 
Regional Technical Specialist 
Environmental Compliance Branch, Coastal Section Regional Planning and Environmental Center U.S. Army 
Corps of Engineers 
2000 Fort Point Road 
Galveston, Texas 77550 
409/766-3039 
Webinar address 
http://www.webmeeting.att.com 
call in and web meeting number 866-434-5269 
Access code 8362189 
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Security code 1234 
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Message 

From: 

Sent: 
To: 

CC: 

Stokes, Janelle S CIV USARMY CESWF (US) [janelle.s.stokes@usace.army.mil] 

6/26/2017 8:56:58 PM 
Aaron Chastain - NOAA Affiliate [aaron.chastain@noaa.gov]; Burks-Copes, Kelly A CIV USARMY CESWF (US) 
[Kelly.A.Burks-Copes@usace.army.mil]; Hausmann, Charles [crh@calhounport.com]; Clark, David S CIV USARMY 

CESWF (US) [David.S.Clark@usace.army.mil]; Roco, Coleen [Colleen.Roco@tpwd.texas.gov]; Knuckey, David 
[dmk@calhounport.com]; Anderson, Donna [donna_anderson@fws.gov]; Fontenot, Alison 
[Fontenot.Alison@epa.gov]; Baumgarten, Gary [baumgarten.gary@epa.gov]; Franks, Jessica 
[Franks.Jessica@epa.gov]; Keeler, Barbara [Keeler.Barbara@epa.gov]; Martinez, Maria [Martinez.Maria@epa.gov]; 

Mahoney, Matthew [matthew.mahoney@txdot.gov]; Kaspar, Paul [kaspar.paul@epa.gov]; Peter Schaefer 
(Peter.Schaefer@tceq.texas.gov) [Peter.Schaefer@tceq.texas.gov]; Swafford, Rusty [rusty.swafford@noaa.gov]; 

Alford, Scott [scott.alford@tx.usda.gov]; Skalbeck, Kathryn A (Kathy) CIV USARMY CESWF (US) 
[Kathryn.A.SKALBECK@usace.army.mil];Willey, Sheridan S (Sheri) CIV USARMY CESWG (US) 
[Sheridan.S.Willey@usace.army.mil];Winston Denton [winston.denton@tpwd.state.tx.us] 
Lim, Beyong S CIV USARMY CESWG (US) [Beyong.S.lim@usace.army.mil] 

Subject: RE: Regular Matagorda Resource Agency Meeting - Reminder - Tomorrow, Tuesday, 27 June 
Attachments: ERDC_TN RSM-17-1 _Identification of alternatives to reduce shoaling in the lower Matagorda Ship Channel, 

Texas.pdf 

Sorry, forgot the report ...... . 

Janelle Stokes 
Regional Technical Specialist 
Environmental Compliance Branch, Coastal Section 
Regional Planning and Environmental Center 
U.S. Army Corps of Engineers 
2000 Fort Point Road 
Galveston, Texas 77550 
409/766-3039 
Webinar address 
http://www.webmeeting.att.com 
call in and web meeting number 866-434-5269 
Access code 8362189 
Security code 1234 

-----original Message-----
From: Stokes, Janelle s CIV USARMY CESWF (US) 
Sent: Monday, June 26, 2017 3:55 PM 
To: Aaron Chastain - NOAA Affiliate <aaron.chastain@noaa.gov>; Burks-Copes, Kelly A CIV USARMY CESWF (US) 
<Kelly.A.Burks-Copes@usace.army.mil>; Charles Hausmann (crh@calhounport.com) <crh@calhounport.com>; 
Clark, David s CIV USARMY CESWF (US) <David.s.clark@usace.army.mil>; colleen Roco 
<colleen.roco@tpwd.texas.gov>; David Knuckey (dmk@calhounport.com) <dmk@calhounport.com>; Donna Anderson 
(Donna_Anderson@fws.gov) <Donna_Anderson@fws.gov>; Fontenot.Alison@epa.gov; Gary Baumgarten 
(baumgarten.gary@epa.gov) <baumgarten.gary@epa.gov>; Jessica L. Franks Ph. D. (franks.jessica@epa.gov) 
<franks.jessica@epa.gov>; keeler.barbara@epa.gov; Maria Martinez (martinez.maria@epa.gov) 
<martinez.maria@epa.gov>; Matthew Mahoney P. G. (Matthew.Mahoney@txdot.gov) <Matthew.Mahoney@txdot.gov>; 
Paul Kaspar (Kaspar.Paul@epa.gov) <Kaspar.Paul@epa.gov>; Peter Schaefer (Peter.schaefer@tceq.texas.gov) 
<Peter.schaefer@tceq.texas.gov>; rusty.swafford@noaa.gov; Scott Alford <scott.alford@tx.usda.gov>; 
Skalbeck, Kathryn A (Kathy) CIV USARMY CESWF (US) <Kathryn.A.SKALBECK@usace.army.mil>; Willey, Sheridan S 
(Sheri) CIV USARMY CESWG (US) <Sheridan.S.Willey@usace.army.mil>; Winston Denton 
<winston.denton@tpwd.state.tx.us> 
Cc: Lim, Beyong s CIV USARMY CESWG (US) <Beyong.S.Lim@usace.army.mil> 
subject: Regular Matagorda Resource Agency Meeting - Reminder - Tomorrow, Tuesday, 27 June 

Fol ks, 

Just a reminder that the regular Matagorda ship channel resource agency meeting will be held tomorrow 
afternoon - Tuesday, June 26, from 1:00 to 3:00. We will be discussing the least cost dredged material 
disposal plan. Attached are some maps we will use for discussion tomorrow. Also attached is the final 
RSM report for the lower bay reach. 

Jan 

Janelle Stokes 
Regional Technical Specialist 
Environmental Compliance Branch, Coastal Section 
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Identification of Alternatives to Reduce 
Shoaling in the Lower Matagorda Ship 

Channel, Texas 
by Eric Wood, Tricia Campbell, Matt Duke, Leslie Olson, 

Lauren Dunkin, and Lihwa Lin 

PURPOSE: The purpose of this U.S. Army Corps of Engineers (USA CE) Regional Sediment 
Management Technical Note (RSM-TN) is to document the development of a regional sediment 
budget and to investigate design alternatives to reduce shoaling in the lower Matagorda Ship 
Channel (MSC). This RSM-TN focuses on the MSC between channel Station 10+000 and 
Station 60+000 as well as the Gulflntracoastal Waterway (GIWW) immediately adjacent to the 
MSC where the two waterways intersect (Figure 1). Placement Areas (PAs) 6 through 10 are 
within the focus area. During the genesis of this study, researchers predicted that these P As were 
contributing to the shoaling issue in the focus area. The goal of this study is to identify 
alternatives that will reduce shoaling in the focus area and increase intervals between required 
maintenance dredging. 

Figure 1. Lower Matagorda Ship Channel, TX, study area (channel Station 10+000 to Station 60+000). 
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of Engineers® 

ED_013073_00000024-00001 

Regional Sediment Management: Integrated 
Solutions for Sediment Related Challenges 

Approved for public release; distribution is unlimited. 

ERDC 
INNOVATIVE SOLUTIONS 
for a safer, better world 



ERDC/TN RSM-17-1 
June 2017 

INTRODUCTION: Regional Sediment Management (RSM) refers to the effective use of littoral, 
estuarine, and riverine sediment resources in an environmentally sensitive and economically 
efficient manner (Lillycrop et al. 2011). This USACE RSM project focuses on Matagorda Bay and 
the lower MSC where shoaling has led to draft restrictions and ship transit delays in recent years. 
MSC is a deep-draft navigation channel that provides access to the cities and ports of Port Lavaca 
and Point Comfort. Shoaling in the MSC study vicinity has become a frequent issue that impacts 
navigation, causes lightering of ships, ship transit delays, and redirection of ships to other ports. 
Excessive shoaling has required reduced vessel operating drafts for extended periods. The problem 
seems to have worsened in recent years causing MSC pilots, via the Calhoun Port Authority (the 
Non-Federal Sponsor), to report this issue to the USACE Galveston District (SWG). MSC pilots 
relayed through the Port Authority that they believed the major issue is dredged material placed in 
open bay P As 6 through 10 is shoaling back into the channel. 

Records indicate the MSC has not had adequate project depth since 1997. In addition, changes in 
the bay may be affecting the bay hydraulics. Approximately a month after completion of the 
most recent dredging effort, the pilots became concerned with decreased vessel control when 
entering the area. Pilots identified specific channel reaches of concern, and these channel reaches 
became the focus area of this study. The pilots and the Calhoun Port Authority stated that they 
believed decreased vessel control due to shoaling was becoming worse and more frequent. 

The region of primary concern is from channel Station 10+000 to Station 40+000 (Markers 
33/34 to Markers 31/32). For this effort, USACE performed additional analysis of the MSC, 
which covered Stations 0+000 to 60+000, to develop a better understanding of the shoaling 
issues and the processes causing those shoaling issues as described in USACE (2002). PAs 6 
through 10 serve as PAs for material dredged from the adjacent MSC within the study focus 
area. These P As also serve, to a lesser extent, as P As of dredged material from the GIWW in the 
immediate vicinity of the intersection of the MSC and GIWW. 

DATA COLLECTION 

Datum information. The National Oceanic and Atmospheric Administration (NOAA) Center 
for Operational Oceanographic Products and Services (CO-OPS) manages a permanent 
observing system, the National Water Level Observation Network (NWLON). Vertical datum 
infonnation for the study area obtained from NWLON Station Port O'Connor (Station ID 
8773701) is listed in Table 1. The North American Vertical Datum of 1988 (NAVD88) datum 
infom1ation was determined using the latest USACE survey information for Port O'Connor. 

MHHW 12.25 Mean Higher-High Water 

MHW 12.23 Mean High Water 

MTL 11.86 Mean Tide Level 

MSL 11.88 Mean Sea Level 

MLW 11.48 Mean Low Water 

MLLW 11.45 Mean Lower-Low Water 

NAVD88 11.09 North American Vertical Datum of 1988 

MLT 10.26 Mean Low Tide 
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Historical channel data. In 1910, Congress authorized an 8 mile long channel at a depth of 
7 feet (ft.) Mean Low Tide (MLT) and 80 ft. wide from lower Matagorda Bay to Port Lavaca 
(Relationship between MLT and Mean Lower Low Water (MLLW) is shown in Table 1.) The 
upper end of the channel was extended a di stance of about l mile to the shoreline at the entrance 
of Lynn Bayou in 1935. In 1937, the channel was enlarged from Lynn Bayou at Port Lavaca to 
lower Matagorda Bay near Port O'Connor. This channel had a depth of 9 ft. MLT and a width of 
100 ft., and was 11 miles long. In 1945, a 100 ft. wide and 6 ft. deep MLT channel extension was 
created through the Lavaca River and Navidad River to Red Bluff, which is located at mile 3 on 
the Navidad River. The 1958 deepening and widening encompassed a total distance of 20 miles. 
Also in 1958, an inner channel 36 ft. deep MLT, 200 ft. wide, and 22 miles long was constructed 
across Matagorda and Lavaca Bays. A 36 ft. deep turning basin at Point Comfort and dual jetties 
were also constructed at the channel entrance in 1958. These dimensions remain the present-day 
measurements of the MSC channel (USACE 2009). 

In 2007, the GIWW and MSC intersection was modified and shifted approximately 2 miles north 
to its present location (URS 2007 [rev. 2014]). The GIWW channel shift in 2007 led to material 
that would have previously been placed at Sundown Island Disposal Area 3 (DA3) (Figure 1) 
now being placed in PAs 6 through 10. The shift in the location of the GIWW to its current 
location takes advantage of the natural bay bottom, results in a more stable channel, decreases 
shoaling, and, therefore, requires less frequent maintenance dredging. 

Historical dredging data. To estimate annual shoaling rates in the MSC and gather data to 
create a sediment budget, historical dredging quantities from 1957 to 2012 were obtained from 
the SWG dredging histories database. Dredging quantities for the years 2012-2015 were 
obtained from the SWG local area office. Dredging volumes per year vary significantly due to 
dredging needs, availability of funding, occasional needs for emergency dredging, and several 
other factors. Figure 2 is a comprehensive graph showing the cumulative dredging volume for 
the entire MSC. Based on the dredging history data gathered since 1957, the average yearly 
dredging rate for the entire MSC is 2,937,616 cubic yards per year (cy/year). The average 
dredging rate for the focus area of the study alone is approximately 558,380 cy/year. 

MSC sediment data. Existing data were utilized to improve understanding of regional 
sediment transport in the area. Dredged material placement activities were gathered through 
discussions with SWG operations managers and engineers and by reviewing information from 
previous field surveys and investigations. 

In 2013, SWG obtained sediment data for the entrance channel and study focus area of the MSC. 
Entrance channel sediment data were measured between Stations -9+000 and -20+000. Sediment 
for the entrance channel was measured to be composed of 41.8 % sand, 27.2% silt, and 31% 
clay. The median grain size, Dso, for the entrance channel was measured to be 0.074 millimeters 
(mm). Sediment data for the focus area were measured between Stations 25+000 and 60+000. 
Sediment for this area was composed of 22.7% sand, 39.7% silt, and 38.1 % clay. The Dso for the 
focus area was measured to be 0. 040 mm. 
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Dredging History 
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Figure 2. Cumulative dredging volumes for the MSC. 

It should be noted that during this study very little data on the bay bottom were obtained other 
than sediment size data. In addition, it is recommended that further information pertaining to 
features of the bay in the study area, such as possible oyster reef locations and other environmental 
data, be gathered during future study efforts. 

eHYDRO AND CHANNEL SHOALING ANALYSIS TOOL (CSAT): Survey data from 
2002-2015 were gathered for use in updating the USACE Engineer Research and Development 
Center (ERDC) Coastal Modeling System (CMS) (Demirbilek and Rosati 2011) bathymetry for 
the study area and for the eHydro and Corps Shoaling Analysis Tool (CSAT) analysis (Dunkin 
and Mitchell 2015). Survey files were collected and processed for the entire MSC. Using the 
surveys, the eHydro Tool was run to produce a database for each survey. These were used as the 
inputs for the CSAT analysis. The databases were uploaded to the ERDC Enterprise server in 
Vicksburg, MS where the CSAT team was able to access and process them. The CSAT 
compared surveys between dredging periods to detennine sedimentation within the ship channel 
as well as identify specific shoaling hot spots within the MSC. The CSAT produces a variety of 
outputs including a shoaling raster and the shoaling rates table. The CSAT results indicate an 
average shoaling rate of 4.66 ft/year, and an average shoaling volume of 342,000 cy/year for 
channel Stations 0+000 to 6+000 of the focus area. It should be noted that these results are for 
15% of the focus area. As such, these shoaling rates should be updated as additional surveys 
become available that cover the entire focus area. Table 2 contains the results that were 
determined by CSAT. 

Reach 

MS_02_MPL_2 

(District Unique Identifier) 

Average Shoaling 
Rate (ft/yr) 

4.66 
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Figure 3 shows the shoaling raster that was produced from the CSAT outputs. Again, due to the 
limited survey data, only the green/yellow/red colored areas were analyzed by the tool. High 
shoaling rates are indicated in green, and low shoaling rates are indicated in red. The image 
shows higher levels of shoaling on the channel toes when first entering the bay. This raster, or a 
more complete raster if/as more surveys become available, will be added to ArcGIS Online 
and/or the SWG Enterprise databases. The data can then be used individually to determine 
shoaling rates in the area and any need for future analysis . 

••••••••••••• w High: .20 
,.,.,.,.,.,.,.,,,.,.,.,.,,,.,,. Low: -5 

Figure 3. Shoaling raster produced from the Channel Shoaling Analysis Tool (CSAT) outputs. 

NUMERICAL MODELING: The ERDC CMS was selected to quantify and simulate physical 
processes affecting the shoaling rates in the study area. The CMS uses an integrated numerical 
modeling system to model waves, currents, sediment transport, and morphology change at 
coastal inlets and entrances (Demirbilek and Rosati 2011 ). CMS modeling was used to evaluate 
the effectiveness of four identified alternatives in reducing shoaling in the MSC. The CMS 
model domain used for this study covers a 7x7 kilometer (km) (4.3x4.3 mile) area of the 
Matagorda Region (Figure 4). The bathymetry was updated to current conditions for this 
modeling effort by using the survey data taken since the last update in 2012. 
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Figure 4. CMS domain for Lower Matagorda Ship Channel, Texas. 

The CMS grid extends from the shallow north regions of the upper Matagorda Bay to the southern 
areas, reaching to the 20 meter (m) (65 ft.) depth contour. The CMS model was calibrated with 
water level, current, and wave data collected around Matagorda Bay for the 59-day period of 
1 January through 28 February 2014, using the same method applied and documented in two 
previous modeling studies (Rosati et al. 2011, Lambert et al. 2013). 

Sediment in Matagorda Bay is mixed with increased percentages of sand near the Bay entrance 
and inlets along the coast. Increased silt and clay are found in other areas of the Bay. Five areas 
for sediment shoaling calculations were established (Figure 5) based on simulation results from 
CSAT as well as proximity to the PAs. The simulations verified that several sources were 
contributing to shoaling in the MSC. Modeling results indicated that the unconfined P As 
produced a large amount of shoaling in the study area. 

SEDIMENT BUDGET ANALYSIS: The Sediment Budget Analysis System (SBAS) (Rosati 
and Kraus 2003, Dopsovic et al. 2002 [rev. 2003]) was applied to compile historical sediment 
erosion and shoaling information in Matagorda Bay and gain greater knowledge of the 
relationship between sediment sources and sinks within the project area (Figure 6). There was no 
bulking factor applied to relate the shoreline-eroded material to the volume deposited in the 
channel. The difference due to consolidation could be significant, but no applicable information 
was available, so bulking was not considered a factor. The first part of this task consisted of 
reviewing previous work and summarizing coastal processes and operations for Matagorda Bay 
(Lambert et al. 2013, Thomas and Dunkin 2012, Kraus et al. 2008). 
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Figure 5. Sediment shoaling calculations areas A1 to AS. 

Figure 6. Sediment budget cells in the study focus area. 

Several assumptions were made in creating this sediment budget: 

• Sediment is moving from unconfined P As into the MSC. 
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• Additional sediment is suspended in Matagorda Bay from a variety of sources, including rivers 
and other water bodies discharging into the Bay. 

• Sediment is moving into and settling in the study focus area via the MSC. 
7 

US Army Corps of Engineers •Engineer Research and Development Center 

ED_013073_00000024-00007 



ERDC/TN RSM-17-1 
June 2017 

• Averages of dredging data over the last 25 years were used, assuming they best reflected 
current conditions. 

• Thirty% uncertainty was used in the budget, which is generally considered an acceptable 
standard amount for this type of analysis. 

The following general conclusions are presented based on the sediment budget analysis of 
historical data: 

• In the study focus area where shoaling issues are most prevalent, 40 - 45% of the shoaling 
material in the problem area was estimated to be caused by a combination of ebb/flood tides 
and material transported from unconfined PAs on the east side of the MSC. 

• Approximately 20 - 25% of sediment shoaling in the study focus area is from suspended 
material settling throughout Matagorda Bay. Material from water bodies discharging into the 
bay is carried by currents, wave action, and other methods. Erosion of shorelines and recrea
tional beaches around the bay and transport of material from the various PAs (along the MSC, 
the GIWW, and the channel to Palacios) all contribute to the suspended material in the bay. 

• Within the entrance channel and inlet to the bay, the study showed an overall shoaling 
deficit, which created several large scour holes. 

• Within the entrance channel and inlet to the bay, there are also isolated areas of heavy 
shoaling. 

ANALYSIS OF ALTERNATIVES: The MSC Project Delivery Team members developed 
several potential alternatives to reduce shoaling in the MSC. Four of the alternatives were 
selected for further analysis and modeling. The primary metric for selecting one or more of these 
alternatives is quantifiable shoaling reduction. The altemative(s) must also be economically 
feasible and have the potential to be approved by resource agencies. Beneficial use is preferred if 
possible, but is not a necessity. The following alternatives were posed for consideration: 

Alternative 1: Move unconfined PAs 6 through 10 from the east side to the west 
side of the channel. A series of unconfined PAs are located on the east side of the MSC (Figure 
1 ). Dredged material is placed in these PAs, and this same material is believed to settle back into 
the MSC. Modeling indicated a reduction in shoaling in the MSC ifthe unconfined PAs 6 through 
10 were moved to the west of the channel centerline (Figure 7). Waves approaching the channel 
from the east side with wind driven currents cause slightly more westbound sediment transport 
than eastbound transport. The sediment tends to settle in the channel as the current slows down 
crossing the deep channel area. This measure is cost efficient, as the dredging cost would be 
approximately the same (Reference Table 3 in "Summary of Modeling Results and Alternative 
Selection" for a summary of shoaling quantities for the alternatives.) 

Additional considerations to include are the condition of the bay bottom on the west side of the 
MSC and whether any environmentally sensitive areas exist that would require avoidance or 
mitigation. National Environmental Protection Act (NEPA) coordination, and coordination with 
other appropriate entities, would need to occur before this alternative could be implemented. 
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Figure 7. Alternative 1 concept, PAs 6 through 10 relocated to west side of 
MSC. 

CMS modeling predicted that ebb tides could cause some material from the PAs on the west side 
to migrate into the MSC. Also, it is known that major pipeline corridors pass through this area. 
The exact locations are unknown and coordination with the pipeline owners would need to occur. 
The pipelines should not require any relocation or modification, but it should be verified that the 
change in location of these P As would not cause any issues. 

Alternative 2: Semi-confine PAs 6 through 10. This alternative would semi-confine the 
open P As 6 through 10 on the east side of the MSC (Figure 8) to reduce the rate of shoaling. 
Currently all P As in the area are unconfined. The confinement would delay the flow of dredged 
sediments from the P As back into the MSC. This would create less shoaling in the MSC and less 
frequent dredging requirements. Confinement could possibly lead to emergent or expanding P As, 
which could have environmental impacts. NEPA coordination, and coordination with other 
appropriate entities, may need to occur to address any environmental issues before this 
alternative could be implemented. 

Alternative 3: Place dredged material on Sundown Island instead of unconfined 
PAs. Sundown Island (Figure 9) was created in 1962 using MSC dredged material. This is the 
Audubon Texas Society's largest bird sanctuary on the Texas coast (Atkins 2014). After the 
GIWW alignment was shifted north in 2007 to make use of naturally deep water, USACE 
dredged material effectively stopped being placed on Sundown Island. Although Sundown Island 
currently is one of the largest and most diverse rookeries on the Texas coast, it erodes due to 
tides, wave action, and wakes from passing ship traffic. Additionally, erosion protection 
measures implemented in the past have begun to fail and are no longer functioning as intended. 
Erosive forces have led to the reduction in size of the Island from 81 acres in 200 l to its current 
size of 65 acres. The maximum measured acreage for Sundown Island on record is 81 acres in 
2001 (Atkins 2014). 
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Figure 8. Alternative 2 concept, semi-confined PAs 6 through 10 on east side of 
MSC. 

Figure 9. Alternative 3 concept, Sundown Island expansion. 

Sundown Island is located just inside the MSC inlet (Figure 8). CMS modeling showed currents 
and tidal velocities are lowest on the northern side of the Island. Audubon Texas has expressed 
wishes to expand the Island to 100 acres (Atkins 2014). It is estimated in the Atkins (2014) 
report that approximately 450,000 cy of material would be required to establish a 100 acre 
Island. Additional renourishments of varying quantity and frequency, depending on the design 
selected, would be needed. The Atkins (2014) report preliminarily investigates several possible 
erosion control measures to help protect the island from erosive forces. 
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It is not recommended to place material along the south side of the Island without erosion control 
structures. More detailed study and environmental coordination regarding sea grass known to 
exist around the Island would be needed before implementing this alternative. This alternative 
would require more study and identification of funding sources for maintenance, renourishment, 
possible erosion control structures, and environmental impacts. An advantage of this alternative 
is that dredged material would be beneficially used. 

Alternative 4: Move material in PAs 6 through 10 to beach or other location(s). This 
alternative removes all material from unconfined PAs 6 through 10 (Figure 10). Alternative 4 
assumes another justifiable location could be found to place the dredged material. Options 
considered for placement of this material include beach nourishment along Matagorda Bay beaches 
and possible placement into upland sites. Cost is likely a primary issue that could exclude this 
alternative due to long pumping distances or other increased costs. This alternative would need 
more detailed study, and additional coordination with entities such as NEPA and Audubon Texas. 
A separate entity (or entities) would likely be needed to cover any increased costs. 

Figure 10. Alternative 4 concept, remove material from PAs 6 through 10 and place 
elsewhere. 

SUMMARY OF MODELING RESULTS AND ALTERNATIVE SELECTION: Table 3 
shows the calculated shoaling rates for the existing conditions and for the four alternatives 
analyzed. Area A4 is in an erosive state for all alternatives; therefore, it is not included in this 
summary table. 

CONCLUSIONS: Based on the analysis perfonned and modeling results, it is recommended that 
Alternatives 2 and 3 be pursued and studied further for reducing shoaling in the MSC study area. 
Alternative 2, semi-confining PAs 6 through 10, would reduce the shoaling in the MSC by 26, 120 
cy. Alternative 3, placing material on Sundown Island, would reduce the shoaling in the MSC by 
34,820 cy. Together, it is predicted these two alternatives could reduce shoaling up to 60,940 cy. 
This is an approximate reduction of 19.8% in shoaling in the study focus area. If a combination of 
Alternatives 2 and 3 is used, these numbers may vary. Additional features such as hardened 
erosional control structures on Sundown Island could further reduce shoaling in the MSC. 
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Alternative 0 (existing conditions) 

Alternative 1 (Move PAs 6-10 West of MSC) 

Alternative 2 (Semi-Confine PAs 6-1 O) 

Alternative 3 (Place dredged material on 
Sundown Island in lieu of unconfined PAs) 

Alternative 4 (Move Material in PAs 6-1 Oto 
beach or other location away from MSC) 

55,570 

44,660 

54, 110 

54,480 

58,740 

195,240 28,380 29,070 308,260 

194,980 28,880 29,080 297,600 

183,070 24,350 20,610 282, 140 

180,210 17,990 20,760 273,440 

189,470 22,360 20,540 291,110 

This RSM-TN is intended to improve RSM communication both within SWG and between SWG 
and its partnering organizations. 

ADDITIONAL INFORMATION: This Regional Sediment Management Technical Note (RSM
TN) was prepared as part of the USA CE Regional Sediment Management (RSM) Program by Eric 
Wood, Tricia Campbell, Matt Duke, and Leslie Olson of the U.S. Anny Engineer District, 
Galveston (SWG); and Lauren Dunkin and Lihwa Lin of the USACE Engineer Research and 
Development Center (ERDC), Coastal and Hydraulics Laboratory (CHL). Additional information 
regarding the RSM Program can be found at the RSM website b.ffp_:/'.r.s:m_,_!.i,s:g(l}_,P.t.mY....JJJ..U, or by 
contacting the USA CE RSM Program Manager, Linda Lillycrop at 
Linda.5'.Li!lvcrop((])usace.ann)'.mil. Infonnation pertaining to this RSM-TN may be obtained from 
the Galveston District Point of Contact, Paul Hamilton at P?:.1Jl.llJim!If!tQX~(~IiP§1}f.'.1~,.f!!.T!JY.mff. 

This ERDC/TN RSM-17-1 should be cited as: 

Wood, E., T. Campbell, M. Duke, L. Olson, L. Dunkin, and L. Lin. 2017. 
Identification of alternatives to reduce shoaling in the Lower Afatagorda Ship 
Channel. ERDC/TN RSM-17-1. Vicksburg, MS: U.S. Army Engineer Research 
and Development Center. http:h'd.'cdoi.orgl!0.2107Y/l J 681i22408 
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Message 

From: 
Sent: 
To: 

Kenneth Teague [kgteague@sbcglobal.net] 
1/7 /2019 4:06:20 AM 
swg_public_notice@usace.army.mil; 401certs@tceq.texas.gov; Baumgarten, Gary [baumgarten.gary@epa.gov]; 
Crocker, Philip [crocker.philip@epa.gov]; Evans, Diane [evans.diane@epa.gov]; McCormick, Karen 
[McCormick.Karen@epa.gov]; Kaspar, Paul [kaspar.paul@epa.gov]; Martinez, Maria [Martinez.Maria@epa.gov]; 
david_hoth@fws.gov [david_hoth@fws.gov]; Rusty.Swafford@noaa.gov; Rebecca Hensley 
[rebecca.hensley@tpwd.texas.gov] 

Subject: SWG-2016-01066 
Attachments: 5adce6eb7ef12.image.jpg; R0601752.pdf; inland_testing_manual_O.pdf; upland testing manual.pdf 

Dear Sir/Ms: I have reviewed the subject PN and have the following comments: 

• The proposed site is in the vicinity of the Lavaca Bay Superfund Site (see attached Superfund materials). This 

Superfund Site is one of the most seriously contaminated sites in the US, for mercury, and also contains high 

concentrations of PAHs. 

• Do not permit the proposed project unless and until the applicant provides the results of recent (less than 5 

years old) appropriate dredged material testing for public review and comment. A sampling and analysis plan 

should first be proposed, that would result in a dense network of samples of proposed dredged material, 

consistent with the known mercury and PAH contamination in this area, and with the large volume of dredged 

material proposed (2.615 million cu yd). 

• Test methods should be appropriate for the proposed disposal of the dredged material to create the proposed 

Dredged Material Stockpile Area (see attachments). It is unclear what the DMSA actually is. Is it fully confined 

and upland? If not, methods in the Inland Testing Manual should probably be used. Special attention should be 

paid to determining whether or not chronic water quality criteria for mercury will be met at the discharge (or 

runoff) point. Modeling may be required to make this determination. In addition, since mercury is the primary 

pollutant of concern, testing should include bioaccumulation testing. 

• US EPA should consider elevating review of this application under its joint procedures with USACE, or should 
consider taking a 404{c) action to stop this proposed dredging/dredged material disposal, if USACE will not 
agree to provide appropriate dredged material test results prior to issuing a permit. 

• Why is an open bay placement area allowed, given that some of the dredged material from this system is highly 

contaminated, and much of it is moderately contaminated, with mercury? Why aren't all dredged materials 

from this system required to be disposed of in upland confined disposal facilities? 

• Wetlands proposed to be destroyed by this proposed action are very near wetlands that EPA previously 

designated to be Aquatic Resources of National Importance several years ago. The distance from the wetlands 

proposed to be destroyed, and those previously designated as ARNI, are about 1 mile. EPA should consider 

whether the wetlands proposed to be destroyed by this proposed action, are also ARN ls. If EPA decides they are 

not ARN ls they should explain to the public why they are not, given their close proximity to those that are. 

• The PN included only the most superficial information regarding the applicant's compliance with the Guidelines. 

I strongly recommend USACE require the applicant to submit a well-developed alternatives analysis, and 

detailed discussion of avoidance and minimization of impacts to aquatic habitats. 

• I strongly recommend that the USACE require the applicant to salvage as much of the marsh plant material 

proposed to be destroyed, as possible, for use in vegetative plantings for mitigation, restoration, or for shoreline 

erosion control, anywhere along the upper or middle Texas coast. 

• The Mitigation Rule requires that mitigation banks be considered before proposing permittee responsible 

mitigation. I recommend the USACE require the applicant to demonstrate that they have complied with the 

Mitigation Rule. If there are no available mitigation banks, say so. 

• The Mitigation Rule assigns a higher preference for on-site, in-kind mitigation. Why didn't the applicant consider 

mitigation on site? I strongly recommend the USACE require the applicant to consider an on-site or near-site 

alternative. If the sediment proposed to be dredged is clean enough, it should be used to create additional 

wetland habitat adjacent to nearby wetlands. 
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• I do not support the proposed Preliminary Conceptual Plan #1. It requires dredging of bay bottom, which itself 

represents an impact. This proposal essentially represents "terraces", widely used in Louisiana and SE Texas. 

While terraces aren't the worst estuarine habitat creation tool used, I'm not a big fan. 

• Proposed Preliminary Conceptual Plan #2 may be acceptable, but it is not clear to me why a location just to the 

east of the proposed project location, isn't proposed. Detailed plans for constructed and final marsh elevations 
must account for short and long term sediment compaction. If marsh to be destroyed is relatively high, 

mitigation marsh should be as well, so that the mitigation marsh lasts as long as the marsh that will be 

destroyed. 

Sincerely, 

Kenneth G. Teague, PWS, Certified Senior Ecologist 

Austin, TX 

Sent from Mail for Windows 10 
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City: POINT C:OMFORT 
ALClJA (PlJllVT ('()Jl;Jf'OR1)/LA VAl>:S BAY 

Site Inforn1ation: 

Site Name: 
Address: 

EPA ID: 
EPA Region: 

ALCOA (POINT COMFORT)/LA VACA BAY 
POINT COMFORT, TX 

TXD008123168 
06 

Site Alias Name(s): 

ALUMINUM CO OF AMERICA CLASS II LANDFILL 

Record of Decision (ROD): 

ROD Date: 
Operable Unit: 
ROD ID: 

Abstract: 

12/20/2001 
01 
EP A/ROD/R06-02/001 

The Alcoa/Lavaca Bay Superfund Site is located in Calhoun County, 
Texas and consists of the Alcoa Point comfort Operations (PCO) 
Plant, Dredge Island, portions of Lavac Bay, Cox Bay, Cox Creek, 
Cox Cove, Cox Lake and western Matagorda Bay. The PCO Plant is 
located on the south side of State highway 35 near the City of Point 
comfort, Texas and is adjacent to Lavac bay on the west and Cox 
Creek/Cox Lake on the east. The EPA is the lead agency of the site 
activities, with support from the State. EPA in conjunction with the 
National Oceanic and Atmospheric Administration (NOAA) and the 
State of Texas signed an Cooperative Management Agreement to 
coordinate the interests of all federal and state agencies involved 
with the site. Agencies participating for the state of Texas include the 
Texas Parks and Wildlife Department, TNRCC, and Texas General 
Land Office. NOAA is the lead administrative Natural Resource 
Trustee while the Department of Interior was represented by the U.S. 
Fish and Wildlife Service. The response action selected in this ROD 
is necessary to protect the public health or welfare or the 
environment form actual or threatened releases of hazardous 
substances into the environment. This ROD sets forth the selected 
remedy for the site, which involves actions to address mercury- and 
PAR-contaminated sediments in Lavac Bay, ongoing unpermitted 
discharges of mercury and PAHs into Lavac Bay, and soil 
contamination at the former Chlor-alkali Process Area and soil 
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Remedy: 

Text: 

contamination at the former Witco area. 

The selected remedy is a comprehensive approach for the site and 
addresses all current and potential future risks caused by sediment 
and soil contamination. The major components of the bay System 
remedy are: extraction and treatment of Chlor-Alkali process area 
groundwater; installation of a DNAPL collection or containment 
system at the Witco Area; dredging of the Witco Channel; 
remediation of the Witco Marsh by dredging or filling; enhanced 
natural recovery nmih of Dredge Island; natural recovery of 
sediments; institutional controls to manage exposure to 
finish/shellfish; and monitoring. For the Chlor-Alkali Process Area 
Soils, the major components of the selected remedy are: building 
R-300 removal; capping of building R-300 area; and institutional 
controls to manage exposure to soil. For the former Witco Area 
Soils, the remedy will include capping and institutional controls to 
manage exposure to soil. 

Full-text ROD document follows on next page. 
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DECLARATION FOR THE RECORD OF DECISION 

Declaration for the Record of Decision 

Site Name and location 

Alcoa (Point Comfort)/Lavaca Bay Superfund Site 
Point Comfort, Calhoun County, Texas 
TXD 008123168 

Statement of Basis and Purpose 

This decision document presents the selected remedial action for the Alcoa (Point 
Comfort)/Lavaca Bay Superfund Site (Site), in Point Comfort, Calhoun County, Texas, which 
was chosen in accordance with the Comprehensive Environmental Response, Compensation and 
Liability Act of 1980 (CERCLA), 42 USC §9601 et seq., as amended by the Superfund 
Amendments and Reauthorization Act of 1986 (SARA), and, to the extent practicable, the 
National Oil and Hazardous Substances Pollution Contingency Plan (NCP), 40 CFR Part 300 et 
seq., as amended. The Director of the Superfund Division, EPA Region 6 has been delegated the 
authority to approve this Record of Decision. 

This decision was based on the Administrative Record, which has been developed in 
accordance with Section 113 (k) of CERCLA, and which is available for review at the Calhoun 
County Library in Port Lavaca, Texas, the U.S. Environmental Protection Agency (EPA) in 
Dallas, Texas, and the Texas Natural Resource Conservation Commission (TNRCC) in Austin, 
Texas. The Administrative Record Index (Appendix C to the ROD) identifies each of the items 
comprising the Administrative Record upon which the selection of the remedial action is based. 

The State of Texas concurs with the Selected Remedy. 

Assessment of the Site 

The response action selected in this ROD is necessary to protect the public health or welfare 
or the enviromnent from actual or threatened releases of hazardous substances into the 
environment. 

Description of the Selected Remedy 

This ROD sets forth the selected remedy for the Site, which involves actions to address 
mercury- and PAR-contaminated sediments in Lavaca Bay, ongoing unpermitted discharges of 
mercury and PAHs into Lavaca Bay, and soil contamination at the former Chlor-alkali Process 

Alcoa (Point Comfort) I Lavaca Bay Supe1fund Site Record of Decision - December 2001 

ED_013073_00000027-00005 



DECLARATION FOR THE RECORD OF DECISION 

Area and soil contamination at the former Witco area. The selected remedy is a comprehensive 
approach for the Site and addresses all current and potential future risks caused by sediment and 
soil contamination. 

The major components of this remedy are: 

Bay System 
• Extraction and Treatment of Chlor-Alkali Process Area (CAPA) Ground Water -

CAP A ground water will be hydraulically controlled by a series of four extraction wells. 
Treatment of the extracted ground water will be performed by aeration using an air 
stripper, followed by carbon adsorption for mercury removal. The treated ground water 
will be discharged to Lavaca Bay. 

• Installation of a DNAPL Collection or Containment System at the Witco Area -West 
of the former Witco Tank Farm Area, a collection trench or containment system will be 
installed for the purpose of intercepting DNAPL potentially migrating to Lavaca Bay. 
Recovered DNAPL will be collected and sent off site for treatment and disposal at a 
licensed disposal facility. The DNAPL will not be treated or stabilized on site prior to 
off site disposal. -The specific areas of shoreline to be addressed by a remedy may be 
modified based on site conditions observed during remedy implementation. The use of 
either a DNAPL containment or collection technology will be refined during the remedial 
design. 

• Dredging of the Witco Channel - approximately 200,000 cubic yards of mercury
contaminated sediment will be dredged and disposed of in an on site confined disposal 
facility located on Dredge Island. The dredged sediments will not be treated or stabilized 
before disposal. A final cover for the disposal areas will consist of dredged material 
taken from an area of Lavaca Bay that has mercury concentrations below human health 
and ecological risk-based values. 

• Remediation of the Witco Marsh by Dredging or Filling - the Witco Marsh would be 
actively remediated to address the concern of biological uptake of mercury. The decision 
to dredge or fill the marsh will be made in the remedial design. 

• Enhanced Natural Recovery North of Dredge Island - the areas north of Dredge Island 
would receive a thin cap over the entire area to accelerate the natural recovery process 
currently observed occurring in Lavaca Bay. 

• Natural Recovery of Sediments - sediments that are not actively remediated will 
recover to acceptable levels through natural sedimentation It is estimated that surficial 
sediment mercury levels in all areas are expected to decline to levels in the current range 
of open areas of the Bay within a 5 to 10 year time frame. 

• Institutional Controls to Manage Exposure to Finfish/SheHfish - the fish closure 
originally established by the Texas Department of Health in 1988 and updated in January 
2000 will remain in place to control the consumption of finfish and shellfish for the 
"Closed Area". 

• Monitoring - long tenn monitoring of sediments and fish will be required to confinn the 
natural recovery of sediment and fish tissue to acceptable levels. In addition, monitoring 
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DECLARATION FOR THE RECORD OF DECISION 

of surface water will be conducted to evaluate the effectiveness of the CAP A hydraulic 
containment system. Full details of the monitoring program will be established during the 
design of the selected Bay System remedy. 

Chlor-Alkali Process Area Soils 
• Building R-300 Removal - the walls and roof of Building R-300 will be removed and 

hauled off-site. 
• Capping of Building R-300 Area - The building slab and the area immediately west of 

Building R-300 will be capped with a clay sublayer covered by crushed rock. 
• Institutional Controls to Manage Exposure to Soil- Excavation of any soils below or 

immediately west of Building R-300 would only be permitted after a worker safety 
program is developed for the specific excavation activity and repair of the cap would be 
required after excavation. The Building R-300 area would be deed recorded as 
containing soils with elevated mercury levels. 

Former Witco Area Soils 
• Capping - the Stonnwater Sump and Separator Area and Fom1er Tank Farm Area will be 

capped with soil caps 
• Institutional Controls to Manage Exposure to Soil - future excavation of any soils in 

these areas would only be permitted after a worker safety program is developed for the 
specific excavation activity and repair of the cap would be required after excavation. 
These areas would be deed recorded as containing soils with elevated PAH 
concentrations. 

Statutory Determinations 

The selected remedy is protective of human health and the environment, complies with 
Federal and State requirements that are applicable or relevant and appropriate to the remedial 
action, is cost-effective, and utilizes permanent solutions and alternative treatment (or resource 
recovery) technologies to the maximum extent practicable. 

Because of the relatively high volume of sediments involved, and the low concentrations of 
mercury involved, treatment of sediments was not considered. The dredged material is being 
disposed of within the area of contamination and placement of dredged material in the confined 
disposal facility is appropriate. The toxicity, mobility and volume of mercury in CAP A ground 
water discharging to Lavaca Bay will be significantly reduced through treatment by carbon 
adsorption. Due to the toxicity, mobility, and volume of the contaminated waste, CAPA and 
Former Witco Area soils are considered to be low level threat waste, so capping is an appropriate 
remedy for these soils. 
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DECLARATION FOR THE RECORD OF DECISION 

Because this remedy will result in hazardous substances remaining on-site above levels that 
allow for unlimited use and unrestricted exposure, a review will be conducted within five years 
after initiation of remedial action to ensure that the remedy continues to provide adequate 
protection of human health and the environment. 

ROD Data Certification Checklist 

The following information is included in the Decision Summary section of this Record of 
Decision. Additional information can be found in the Administrative Record file for this site. 

t/ Chemicals of concern (COCs) and their respective concentrations 

t/ Baseline risk represented by the COCs 

t/ Cleanup levels established for COCs and the basis for the levels 

t/ Current and future land and ground water use assumptions used in the baseline risk 
assessment and ROD 

t/ Land and ground water use that will be available at the site as a result of the selected 
remedy 

t/ Estimated capital, operation and maintenance (O&M), and total present worth costs; 
discount rate; and the number of years over which the remedy cost estimates are 
projected 

t/ Decisive factor(s) that led to selecting the remedy 

Authorizing Signatures 

This ROD documents the selected remedy for sediments and soils at, the Alcoa (Point 
Comfort)/Lavaca Bay Superfund Site. This remedy was selected by BP A with concurrence of 
the Texas Natural Resource Conservation Commission. 

By~{),~ 
MYf~. Knudson: 11,DireCtOr 

Date: 

Superfund Division 
EPARegion6 
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SECTION 1 - SITE NAME, LOCATION, AND DESCRIPTION 

SECTION 1 

Site Name, Location, and Description 

The Alcoa/Lavaca Bay Superfund Site is located in Calhoun County, Texas and consists of 
the Alcoa Point Comfort Operations (PCO) Plant, Dredge Island, portions of Lavaca Bay, Cox 
Bay, Cox Creek, Cox Cove, Cox Lake and western Matagorda Bay. 1 The PCO Plant is located 
on the south side of State Highway 35 near the City of Point Comfort, Texas and is adjacent to 
Lavaca Bay on the west and Cox Creek/Cox Lake on the east (Figure 1). 

The Environmental Protection Agency (EPA) is the lead agency for Site activities, with 
support from the Texas Natural Resource Conservation Commission (TNRCC). EPA in 
conjunction with the National Oceanic and Atmospheric Administration (NOAA) and the State 
of Texas signed a Cooperative Management Agreement to coordinate the interests of all federal 
and state agencies involved with the site. Agencies participating for the state of Texas include 
Texas Parks and Wildlife Department, TNRCC, and Texas General Land Office. NOAA is the 
lead administrative Natural Resource Trustee while the Department oflnterior was represented 
by the U.S. Fish and Wildlife Service. The National Superfund electronic database identification 
number is TXD 008123168. 

1 This is also refetTed to as the "Study Area" in the Proposed Plan of Action 
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Figure 1-1 

Alcoa/Lavaca Bay Superfund Site 
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SECTION 2 

Site History and Enforcement Activities 

History of Site Activities 
The Plant, which covers approximately 3,500 acres, was established as an aluminum smelter 

in 1948. Smelting operations were shut down in 1980. Bauxite refining, which utilizes bauxite 
ore to produce alumina, began in 1958 and is still active today. Past operations that have been 
dismantled and removed include the smelter, a cryolite plant, a chlor-alkali plant, and the Witco 
coal tar processing plant. The following paragraphs provide a background on areas of the site 
that were evaluated during the Remedial Investigation. 

Chlor-Alkali Process Area (CAPA) From 1966 until 1979, Alcoa operated a chlor-alkali 
production plant to produce sodium hydroxide (caustic) and chlorine. Part of the chlor-alkali 
process involved the use of mercury cathodes. The main purpose of operating the chlor-alkali 
plant was to produce caustic that was necessary in the bauxite refining operations. Between 
1966 and 1970, wastewater from the chlor-alkali plant that contained mercury, was transported 
to an offshore gypsum lagoon located on Dredge Island. After a settling period, the overflow 
from the gypsum lagoon was discharged to Lavaca Bay from two outfalls on Dredge Island. 

Dredge Island Dredge Island, which is located in Lavaca Bay west of the plant site, began as a 
reef formation and was greatly increased in size and shape by the placement of dredge materials 
from the construction of Alcoa's Industrial Ship Channel and the periodic dredging between the 
mainland and the Island. The Island has been used for the management and disposal of dredge 
material since 1957 and has also been used for the disposal of gypsum, treated wastewater 
effluent from the CAP A and dredge materials from the Industrial Channel. 

Mercury was placed on Dredge Island when wastewater from CAP A went to the Placement 
Areas and dredge spoil from Alcoa's Industrial Channel was deposited in the Placement Areas. 
The dredge materials may have contained mercury as a result of discharges from CAP A. 
Wastewater from CAP A went to the Placement Areas for a short period of time during 1969 and 
1970. The overflow from the Placement Areas was discharged into Lavaca Bay from July 1965 
to 1981. 

Former Witco Processing Area Witco Chemical Corporation began operations in 1964 within 
the boundaries of the PCO Plant. Witco processed coal tar for the manufacture of electrode 
binder pitch and creosote. Operations at the Witco area included a coal tar tank farm, a creosote 
storage area, a binder pitch storage area, and a distillation area. Witco discontinued operations in 
December 1985. 

After ceasing operations, Witco began the process of dismantling the plant. The plant was not 
subject to any regulatory closure requirements because there were no regulated units at the site. 
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However, under the oversight of the Texas Water Commission (TWC) [predecessor to the 
TNRCC], Witco began cleanup of the operating area. The first phase of the closure focused on 
the removal of all surface facilities, concrete foundations, and visually contaminated soils. 
When the first phase of the closure was nearing completion, Witco prepared a work plan to 
determine whether any residual contamination was present in the soil or ground water of the 
uppermost water-bearing zone. The work plan was approved by TWC in October 1988. Based 
on results from sampling of ground water monitoring wells, TWC requested that Witco prepare a 
Phase II work plan to determine the ve11ical extent of any remaining soil contamination at the 
plant site. Following completion of the Phase II sampling, Witco submitted the results to TWC 
in a data report. No comments on the data report were submitted to Witco. Witco continued 
semiannual monitoring of ground water until Alcoa advised Witco on March 17, 1995, that 
Alcoa intended to take over ground water monitoring at the site. 

Lavaca Bav Lavaca Bay is an estuary of the Matagorda Bay system and has a surface area of 
approximately 60 square miles. The Bay has several uses ranging from commercial and 
industrial to a natural habitat for aquatic and avian species. Both commercial and recreational 
fishing for various fin fish, blue crabs, and oysters take place in the bay. Lavaca Bay is also used 
for shipping and as a source of industrial cooling water. Sediments in a portion of Lavaca Bay 
have elevated levels of mercury and P AHs. 

Texas Department of Health Fish Closure The Texas Department of Health (TDH) has sampled 
fish, crabs, and oysters since the 1970s. In the early 1970s, mercury levels in oysters and crabs 
were significantly elevated. Based on these findings TDH closed parts of Lavaca Bay to the 
harvesting of oysters. At that time, TDH did not have the authority to prohibit crabbing or 
fishing. The ban on oystering was lifted in October 1971 when the levels of mercury in oysters 
dropped below the 0.5 ppm Food and Drug Administration guideline. Periodic sampling and 
analysis by the TDH of finfish and shellfish in Lavaca Bay continued after 1970 and showed the 
problem of elevated mercury levels in finfish and shellfish to be persistent. On April 20, 1988, 
TDH issued an order closing an area of approximately 1 square mile of Lavaca Bay to the taking 
of fin fish and crabs (Figure 1 ). On January 13, 2000, TDH reopened a portion of the closure 
area (Cox Bay). The closure for Cox Bay was removed because sampling showed that levels of 
mercury in finfish and crabs had decreased to a level acceptable for human consumption based 
on TDH's risk characterization. 

History of Removal and Early Actions 

During the Remedial Investigation, Alcoa conducted several early response actions under 
EPA oversight. In April 1998, an Action Memorandum was signed by EPA in which Alcoa was 
to conduct a non-time critical removal action at Dredge Island. The purpose of the removal 
action was to relocate and contain mercury-contaminated soils on the Island and fortify the 
Island to protect against possible damage during a severe storm event. The non-time critical 
removal action began in September 1998 and was completed during the summer of 2001. 
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Also, Alcoa installed a ground water extraction system in 1998 at CAP A as part of a 
treatability study. The extraction system was installed to evaluate the effectiveness of 
hydraulically controlling the discharge of mercury-contaminated ground water from CAPA into 
Lavaca Bay. Details about the CAP A ground water treatability study can be found in the 
October 1998, "C'APA Groundwater Treatability Study" data report. In addition, Alcoa 
conducted a dredging treatability study in two separate areas of Lavaca Bay. The first phase of 
the dredging treatability study took place in August 1998 while the second phase occuned in 
January 1999. Approximately 80,000 cubic yards of sediments were dredged and disposed of in 
Alcoa's disposal lakes and on Dredge Island during the treatability study. Details about the 
dredging treatability study can be found in the January 2000, "Treatability Dredge Study" data 
report. 

History of Enforcement Activities 

In 1970, the Texas Water Quality Board (TWQB) received infonnation from the Texas 
Depatiment of Health (TDH), and the Food and Drug Administration (FDA) concerning mercury 
in marine fauna around Lavaca Bay. As a result, TWQB initiated an investigation, and 
subsequently issued an emergency order to Alcoa to limit mercury amounts in wastewater 
discharges. 

In May 1993 the Site was proposed for listing on the NPL, and was published as final on 
February 23, 1994. The effective date of the final NPL listing is April 23, 1994. During the 
months of January, Februaty and the beginning of March 1994, technical and legal 
representatives from Alcoa, EPA, NOAA, and TNRCC (State Superfund and natural resource 
trustees representatives) successfully negotiated an Administrative Order on Consent and a 
Statement of Work for the RI/FS. 

Alcoa (Point Comfort) I Lavaca Bay Supe1fund Site Record of Decision - December 2001 

ED_013073_00000027-00020 

2-3 



SECTION 3 - COMMUNITY PARTICIPATION 

SECTION 3 

Community Participation 

Throughout the Site's history, a very active citizens advisory panel provided input to the 
regulatory agencies and Alcoa. Alcoa and EPA have kept the community and other interested 
parties informed of Site activities through informational meetings, fact sheets, press releases and 
public meetings. Below is a brief chronology of public outreach efforts. 

EPA held open houses and workshops in August 1993, April 1994 and September 1994. 
During the August 1993 and April 1994 meetings EPA discussed the proposal and addition of 
the Alcoa site to the National Priorities List. The September 1994 meeting was held to obtain 
input from the community regarding their concerns and information needs in connection with the 
site. 

A community advisory panel convened by Alcoa began to function in the spring of 1994. 
Following a presentation in July 1994 regarding advisory panels, the community advisory panel 
members enlisted the help of several others and retained an independent facilitator. This group 
began to act as a steering committee to draft a mission statement and ground rules, select a name, 
and select the members for a larger and more diverse panel. Alcoa, EPA Region 6, and the 
Texas Natural Resources Conservation Commission serve as liaisons to the panel. The steering 
committee completed its work in May 1995. The advisory panel, named the Citizens Advisory 
Panel to Alcoa (CAPA2) began meeting formally in June 1995. The CAPA2 generally met on a 
monthly basis unless there was no new information to provide to the group. 

In August 1995, pursuant to the 1994 AOC, Alcoa released a community relations plan that 
outlined a program to address community concerns and keep citizens informed about and 
involved in remedial activities. 

A Superfund Site Update summarizing the Dredge Island Engineering Evaluation/Cost 
Analysis was mailed to both EPA's and Alcoa's site mailing lists and a copy of the 
Administrative Record was placed in each of the three repositories. The repositories are located 
at the Calhoun County Library in Port Lavaca, Texas, at the TNRCC in Austin, Texas and at the 
EPA Region 6 office in Dallas, Texas. In addition, Alcoa made the Administrative Record 
available at the Alcoa Superfund Information Office located in Port Lavaca, Texas. An 
advertisement of the formal 30-day public comment period was placed in the Port Lavaca Wave 
on July 23, 26, and 29, 1997 and in the Victoria Advocate on July 26 and 28, 1997. A public 
information meeting was held July 29,1997 at the Bauer Exhibit Building in Port Lavaca, Texas. 
The formal public comment period, as advertised in the newspapers, ran from August 6, 1997, 
through September 5, 1997. Due to delays in getting the Administrative Record to the 
information repositories, the public comment period was extended until September 22, 1997. 
This notice was published in the Port Lavaca Wave and the Victoria Advocate. 
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The Proposed Plan of Action Fact Sheet summarizing the proposed remedial action for the 
Alcoa/Lavaca Bay site was mailed to the site mailing list and a copy of the Administrative 
Record was placed in each of the three repositories on June 21, 2001. The repositories are 
located at the Calhoun County Library in Port Lavaca, Texas, at the TNRCC in Austin, Texas 
and at the EPA Region 6 office in Dallas, Texas. An advertisement of the formal 30-day public 
comment period was placed in the Port Lavaca Wave on June 22 and 26, 2001 and in the 
Victoria Advocate on June 25, 2001. 

On June 28, 2001, the Agency held a public meeting to discuss the Proposed Plan and to 
respond to oral comments. A transcript of this meeting and the comments along with the 
Agency's response to comments are included in the Administrative Record, which is pati of this 
Record of Decision. 

From June 21, 2001, the Agency held a 30-day public comment period to accept public 
comment on the alternatives presented in the Feasibility Study and the Proposed Plan and on any 
other documents previously released to the public. Two requests for an extension to the public 
comment period were submitted and the comment period was extended until August 29, 2001. 
During the public comment period for the Proposed Plan, only three entities submitted 
comments. In general, all comments supported the preferred alternative presented in the 
Proposed Plan, although there were comments regarding the risk assessment and monitoring. 
The responses to the comments are included in the Responsiveness Summary to this ROD. 
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SECTION 4 

Scope and Role of Response Action 

This is the only planned operable unit for the site and the selected remedial actions are 
intended to address all areas of concern at the Site. The scope of the remedial action for the Bay 
is to address all major ongoing sources of mercury and PAHs that result in the continued 
elevation of mercury and P AHs in surface sediments. The reduction of mercury in surface 
sediments will prevent further exposure of fish and shellfish to elevated mercury concentration 
from sediments. Once the ongoing sources of mercury are addressed, it is expected that mercury 
levels in fish and shellfish will decline over a period of time. Monitoring will be used to measure 
trends of mercury concentrations in fish and shellfish over time. For the CAPA and the Witco 
Area, the remedial actions will reduce the potential for direct exposure of human receptors to 
mercury and PAHs in soils. 

A number of early response actions expected to help in the overall remediation strategy for 
the site were conducted during the RI/FS. A large-scale non-time critical removal action 
initiated in 1997 was completed at Dredge Island in the summer of 2001. The action has 
removed or immobilized mercury-contaminated materials that could enter the Bay System 
through surface water runoff. This action is expected to prevent an estimated 8 - 13 pounds of 
mercmy per year from entering the Bay. 

Several treatability studies that have addressed sources of mercury to the Bay have been 
conducted during the RI/FS. One treatability study removed mercury-contaminated sediments 
in the channel immediately adjacent to the CAPA which could be resuspended by ongoing barge 
and tug boat traffic. It is estimated that approximately 2,300 pounds of mercury were removed 
from the Lavaca Bay system during the treatability study. Another treatability study was 
conducted at CAPA to evaluate ifthe ongoing discharge of mercury-contaminated ground water 
can be prevented. The ground water system installed as an initial treatability study, which 
continues to operate, has been effective in reversing the gradient of mercury-contaminated 
ground water in the area of the CAP A. The CAP A ground water treatment system prevents an 
estimated 0.4 - 90 pounds of mercury per year from entering the Bay System. 
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SECTION 5 

Site Characteristics 

Physical Site Characteristics 

The Alcoa PCO facility is situated adjacent to Lavaca Bay on the Texas Gulf Coast near the 
towns of Point Comfort (population 950) and Port Lavaca (population 10,900) as shown on 
Figure 1-1. Alcoa PCO, which includes the Plant and Dredge Island, is located adjacent to 
Lavaca Bay on the west and Cox Creek/Cox Lake on the east. 

PCO currently comprises approximately 3,500 acres. The land areas not used for the process 
areas are for the most part used for the process lake system, which includes bauxite residue 
lakes, two dredge material placement lakes, and cmTent and historic landfill areas. PCO also 
includes several docks, and Alcoa maintains a ship and barge channel from the Matagorda Ship 
Channel to the docks. The docks are used to deliver raw materials to PCO and to transport 
products to consumers. Dredge Island is an island in Lavaca Bay, west of the process area, that 
is approximately 420 acres. Dredge Island has historically been used to dispose of dredge 
material, gypsum, and chlor-alkali wastewater. 

Lavaca Bay and Cox Bay are secondary bays of Matagorda Bay. Both are shallow bays, 
with average depths of four feet. Lavaca Bay has a surface area of approximately 64 square 
miles and Cox Bay has a surface area of approximately 8 square miles. Cox Cove includes an 
extensive marsh area located in the northwestern pmiion of Cox Bay. There are several oyster 
reefs and oyster beds throughout the area. Marshes and wetlands are found at several locations 
in the vicinity of the site. 

Conceptual Site Model 

The Conceptual Site Model (CSM) is a three-dimensional "picture" of site conditions that 
illustrates contaminant sources, release mechanisms, exposure pathways, migration routes, and 
potential human and ecological receptors. It documents current and potential future site 
conditions and shows what is known about human and environmental exposure through 
contaminant release and migration to potential receptors. The development of a CSM is an 
iterative task and is developed early in the site investigation process. As additional site data are 
collected, the model may be revised and refined to reflect the available data. 

The preliminary CSMs for the human health risk assessment were developed using the 
findings from the Preliminary Site Characterization Report (PSCR). The objectives of the 
PSCR were to: (1) use existing site information and data to support identification, prioritization, 
and scoping of future Remedial Investigation (RI) activities; (2) identify areas of the site that 
may need to be addressed on an accelerated basis; and (3) preliminarily identify site- and 
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technology-related data to support the evaluation ofremedial alternatives in the Feasibility 
Study. The final conceptual site model used in the baseline human health risk assessment is 
presented in Figure 5-1. 

For the ecological risk assessment, several conceptual site models were developed. 
Conceptual site models were developed for the Plant/Mainland area and for Lavaca Bay. The 
final conceptual site models used in the baseline ecological risk assessment are presented in 
Figures 5-2 through 5-6. 

Investigative Approach 

As described in the Project Management Plan, the investigations perfonned during the RI 
were risk-based (i.e., the technical approach was developed to investigate complete or potentially 
complete human health and ecological exposure pathways). The RI was based on the following 
concepts: 

• The data quality objective process guided the data collection activities 
• Nature and extent of contamination studies were conducted in the "Study Area" 
• Existing chemical data collected from the site were combined with historical site information 

to develop initial lists of Chemicals of Potential Concern 
• Risk Based Values (RBVs) were developed using conservative exposure assumptions, and 

were used for comparing site data to indicate potential risk to receptors; 
• Data assessments where data were compared to RBVs or other risk-based criteria were used 

at various points during the RI to evaluate whether chemicals, effects, or other factors were 
indicative of potential risk to human health or ecological receptors in certain areas or 
pathways, and whether additional characterization was necessary. 

Sampling Results 

On March 16, 2000, the RI report for the site was approved by EPA. Numerous 
investigations of environmental media at the site, both in the Bay System and on the 
Plant/Mainland, were performed as part of the Superfund investigations. Primarily, these 
investigations included evaluations of Bay System water, biota, and sediment, and 
Plant/Mainland ground water and soil. The RI studies were conducted to evaluate: (1) the site 
environmental setting (i.e., physical characteristics of the site, such as meteorology, Bay 
hydrodynamics, geology, hydrogeology); (2) chemical characteristics of the site (i.e., nature and 
extent of contamination of environmental media, such as sediment, surface water, ground water, 
air, and biota) and the fate and transport of site chemicals within and across these media. The 
results of these studies have been presented in various separate submittals to EPA in the form of 
technical memoranda, data assessments, and data reports. While the sampling details and site
specific data are presented in those documents, the RI report summarizes their findings and 
incorporates them to present the causes and effects of chemical contamination in Lavaca Bay. 
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The RI was generally focused on three distinct but interrelated areas at the site: ( 1) the Bay 
System, which includes Lavaca Bay, Cox Bay, and parts of adjacent bays; (2) Dredge Island; and 
(3) the Plant/Mainland, which includes all process and other areas. Focused investigations were 
conducted at the former Witco Process Area and the CAP A. The primary findings from these 
investigations are discussed below. 

BAY SYSTEM The Bay System portion of the RI consists of numerous studies that were 
conducted since mid-1995. These studies included the evaluation of physical, chemical and 
biological conditions in Lavaca Bay. 

Biota Sampling 
The RI evaluated the biological uptake processes occurring in Lavaca Bay in order to 

understand how and where methylmercury is produced. It is important to know where and how 
methylmercmy is produced since the mercury measured in adult fish and shellfish tissue is 
mostly methylmercmy.2 

Results of the studies showed that the majority of methylmercury that enters the Lavaca Bay 
food chain is generated in the shallow (0-5 cm) sediments. Methylmercury can also be generated 
at depths below 5 cm. The investigation revealed that marshes typically had higher 
methylmercury concentrations than other habitats such as oyster reefs and open water areas. The 
data also indicated that total mercmy concentrations in shallow sediments appear to be a 
significant factor controlling the production of methylmercury in the surface sediments. The 
higher methylmercury concentrations in sediment tended to correlate with higher total mercury 
concentrations in sediments. 

Another study investigated the relationships between mercury levels in sediments and prey 
items. The prey items investigated were the ones that key upper trophic level species, such as 
red drum, prefer to feed on. Two key findings were identified from this study. First, prey items 
had the highest concentrations in areas with the highest total mercury surface sediment 
concentration. A second finding was that marsh habitats tended to have higher prey item 
concentrations than other habitats such as open water. 

In addition to sampling prey items, information on mercury levels in adult fish and shellfish 
was obtained during the RI. The results from the fish and shellfish sampling followed the same 
trend as the prey item sampling. As fish and shellfish were captured in locations more distant 
from the plant, mercury concentrations in tissue tended to decrease. Table 5-1 presents the 
results of the fin fish and shellfish sampling conducted during the RI. 

2 Mercury is a naturally occurring element found in soils and bedrock. Mercury, principally inorganic mercury 
compounds, is released to environmental systems from the weathering and exposure of bedrock and from anthropogenic (man
made) sources. In aquatic systems, inorganic mercury compounds can become methylated by microorganisms to form organic 
complexes, such as methylmercury and dimethylmercury. Unlike the inorganic forms of mercury, methylmercury readily passes 
tissue membranes. is highly bioavailable through exposure and is very slowly eliminated from the body once ingested. In an 
aquatic environment, these properties may lead lo the accumulation of high levels of methylmercury in the tissues of aquatic 

organisms, with significantly higher levels often found with increasing trophic levels in the aquatic food web. 
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Nature and Extent of Sediment Contamination 
As part of the RI, extensive sediment sampling was conducted. Sediment samples were 

analyzed for a large number of contaminants. Based on the sampling results, only mercury and 
total P AHs were identified as COCs in Lavaca Bay. 

Elevated surficial sediment (0-5 cm) mercury concentrations are restricted to the Industrial 
Channel vicinity, an area north of Dredge Island, and an area bordering the Open and Closed 
Area boundary southwest of Dredge Island. Figure 5-7 shows the surface mercury contours for 
Lavaca Bay. The extent of surficial mercury contamination is greatly reduced compared to 
mercury concentrations measured in 1973 and 1970. Areas with elevated total PAHs are found 
in the Alcoa Industrial Channel vicinity, and in the Witco Cut area. Figure 5-8 presents the 
surface sediment PAH concentrations in Lavaca Bay. 

In addition to investigating surficial sediment mercury contamination, additional sampling 
was done to look at the depth profile of mercury contamination. In areas with low 
concentrations of mercury in surface sediments, the cores indicate that a cleaner layer of 
sediment has been deposited and that the Bay System is recovering through natural processes. It 
should be noted that the natural recovery process does not remove the mercury from the 
environment but rather reduces the concentrations within the biologically active zone. Elevated 
mercury levels could still exist at depth. 

Three different studies were used to determine the vertical extent of mercury contamination 
in Lavaca Bay. Although the mercmy concentrations vary greatly with depth and with distance 
from the plant, some trends were evident. The peak concentrations measured at depth are 
highest in the area immediately in front of the CAP A shoreline and decrease with distance away 
from the plant. Also, at sampling locations more distant from the plant, there tends to be a 
greater amount of clean sediment covering the elevated at-depth levels. The Radiochemistry 
study identified areas where surface mercury concentrations are higher than what could occur 
based on historical releases from CAPA. In these areas, it was concluded that an ongoing source 
or sources was responsible for the continued elevated mercury levels in surface sediments. 

Role of Ongoing Sources 
Findings of the RI indicated that ongoing sources play a significant role in maintaining 

elevated levels of mercury and P AHs in surficial sediments. The elevated levels of mercury 
occur in areas where the greatest impacts to biota were observed. Based on this finding, a 
number of studies were conducted to identify ongoing sources of mercury and P AHs to the 
Lavaca Bay system. Four primary ongoing sources were identified by the additional field 
investigations. 

CAPA Ground Water: The CAPA was investigated separately as a focused investigation 
during the RI. A more in-depth discussion of the CAPA focused investigation is presented on 
page 5-12 of the Record of Decision. Potential mercury transpmi via ground water flux to the 
Bay System was conservatively estimated using several methods. The various methods 
produced an estimated range of flux values of 0.4 to 90 pounds per year. Based on the estimated 
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potential loading of mercury to the Bay System, treatability testing was performed to develop 
alternatives that address the potential migration of mercury in ground water to the Bay System. 

As discussed earlier, Alcoa installed a ground water extraction system at CAPA in 1998 as part 
of a treatability study. The extraction system was installed to evaluate the effectiveness of 
hydraulically controlling the discharge of mercury-contaminated ground water from CAPA into 
Lavaca Bay. Alcoa continues to operate the extraction system that has been successful in 
reversing the ground water gradient in the area of CAP A. These efforts appear to have resulted 
in significant decreases in terms of impacts to Lavaca Bay from dissolved-phase contaminants. 

Dredge Island Run-off: Mercury was identified in materials that have historically been placed 
on Dredge Island. Soils and surface water runoff contained mercury at concentrations that 
contributed to the ongoing release of mercury to the Bay system. The primmy source of the 
release occmTed mainly on the north side of Dredge Island. An estimated 8 to 13 pounds of 
mercury per year entered Lavaca Bay as a result of runoff As discussed earlier, a non-time 
critical removal action was completed at Dredge Island. As part of the removal action, the soils 
and sediments with elevated mercury levels were removed and relocated to fotiified placement 
areas on the island. 

Sediment Sources: There are areas of Lavaca Bay that have elevated concentrations of mercury 
in surface sediments. These areas with elevated levels can be resuspended by barge and ship 
traffic. Once the sediments are resuspended they can be transported by water currents to areas 
where mercury can become methylated and significant biota uptake occurs. The highest surface 
sediment mercury concentrations were along the CAP A shoreline. In general, the sediments in 
this area ranged from 10-50 ppm mercury, although there were individual samples that were 
higher than 100 ppm. The mercmy-contaminated sediments in front of CAP A were dredged as 
part of a dredging treatability study in August 1998. 

Another significant source contributing to the surface sediment concentration n011h of Dredge 
Island is the sediments in the Industrial Channel (including the Witco Harbor). These areas have 
been dredged infrequently since discharge of CAP A wastewater to Lavaca Bay stopped. These 
sediments can also be resuspended by tug and barge activities in the channel. Once resuspended, 
the sediments can be redeposited north of Dredge Island by prevailing water currents. 

Witco Processing Area: A focused investigation was conducted at the Witco Processing Area 
during 1998 and 1999. It is believed that the primary mechanism for P AH discharge into Lavaca 
Bay is through the movement of a dense non-aqueous phase liquid (DNAPL)3 along the fill 
layer based near the former Coal Tar Tank Farm and directly into the Bay sediments. A more in
depth discussion of the Witco focused investigation is presented on page 5-14 of the Record of 
Decision. 

3 
A DNAPL is a liquid that weighs more than water and does not dissolve easily in water. Therefore, a DNAPL fom1s a second layer 

below the ground water. 
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Nature and Extent of,Vater Column Contamination 
Surface water investigations indicated that all chemicals of potential concern for surface 

water, with the exception of mercury, were below risk-based screening levels. The area along 
the CAP A shoreline and to the east and northeast of Dredge Island were identified as areas for 
locating potential ongoing sources of mercury to the surface water in Lavaca Bay. A sampling 
event was conducted in September 1997 in Alcoa's Industrial Channel to better understand the 
potential sources in the area. The highest concentrations of mercury in surface water (25 
nanograms per liter) were observed in front of the CAPA shoreline. A focused CAPA shoreline 
surface water sampling program was initiated to examine this area in detail. 

Several focused surface water sampling events were conducted by the CAP A shoreline. The 
first sampling event, which was conducted before the CAP A ground water extraction system was 
installed (January 8, 1998), clearly indicated that mercury enters Lavaca Bay from the CAPA 
subsurface. Unfiltered total mercury concentrations ranged from 11.9 nanograms per liter (ng/1) 
at the bottom of Lavaca Bay at the most distant station to 322 ng/1 at the middle depth. In 
addition to elevated mercury concentrations, carbon tetrachloride was detected at nearly all 
stations and depths. The highest concentrations measured were 9.1 to 11.5 microgram per liter 
(ug/1). See Figure 5-9. 

Following installation of the ground water extraction system at the CAP A, additional surface 
water samples were collected to detennine if ground water containment had occurred. As 
detailed in the RI report, both mercury and carbon tetrachloride concentrations were significantly 
decreased by operation of the ground water extraction and treatment system. During the latest 
round of sampling (June 10, 1998) the maximum unfiltered mercury concentration reported was 
53 ng/l (2.5 ng/l filtered) and most unfiltered mercury concentrations were less than 30 ng/1. 
Carbon tetrachloride was not detected in any samples above the analytical detection limit (see 
Figure 5-10). The ground water extraction and treatment system appears to be successful in 
reversing the ground water gradient in the area of CAPA. These efforts appear to have resulted 
in significant decreases in tem1s of impacts to Lavaca Bay from dissolved-phase contamination. 
As discussed in the remedial alternatives for the bay, additional monitoring of surface water will 
be conducted. 

Future Scenarios I Modeling Studies 
In addition to the RI studies that defined the nature and extent of contamination in the study 

area, other studies focused on understanding future conditions. One of these studies, the 
Radiochemistry Study, provided an understanding of sedimentation rates in Lavaca Bay and 
helped predict future trends in surface sediment concentrations. Also, a model was developed 
that evaluated the effect of hurricanes on sediment scour and redistribution in Lavaca Bay. 

Sediment Radiochemistry: The rate of sediment burial in Lavaca Bay was evaluated at 18 
locations during the RI. The burial rates were developed by measuring both naturally occurring 
and anthropogenic radioactivity levels and mercury concentrations in sediment cores. Based on 
the results of this study it was determined that the Bay is a depositional environment and that the 
rate of sedimentation ranges from 0.3 to 2.0 cm/yr. Although the data indicate that there is more 
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sedimentation than erosion in the bay, the rates of deposition vary by area. The highest 
sedimentation rates occun-ed in the Cox Bay area and are influenced by the Corps of Engineers' 
discharge of maintenance material from the Matagorda ship channel in that area. The lowest 
rates were measured southwest of Dredge Island, and are most likely due to stronger cun-ents and 
shallower water depths in this area. These sedimentation rates can be used to calculate half-life 
values (the amount of time it takes to reduce the concentration by 50 percent) for surface 
mercmy concentrations. Those data can be used to predict the rate of sediment recovery that 
will occur in the future once ongoing sources have been controlled at the site. The estimated 
half lives for mercury in sediment ranges from 1 to 9 years. 

Hurricane Scour Model: The RI collected data on sediment grain size, surface mercury 
concentrations, and at-depth mercury concentrations throughout Lavaca Bay. These data were 
used in a model to understand the effects of a major hun-icane on the redistribution of mercury in 
Lavaca Bay. The model predicted cun-ents and water level changes during a storm, the depth of 
sediment scour that would occur, and the redistribution of sediments that would happen as the 
stonn passed. These predictions, along with the mercury concentration data, provide an 
assessment of how surface mercmy concentrations should change as the result of a hun-icane. 

The storm scour model predicted an average net erosion of 3 cm ( 1.2 inches), and only 2 percent 
of the bay would have scour depths greater than 10 cm ( 4 inches). Erosion depths are predicted 
to be less than 5 cm (2 inches) in about 70 percent of the bay. This is much shallower than the 
peak concentration of mercury, which has been buried through sedimentation processes. 

A sensitivity analysis of the major model inputs was conducted. The sensitivity analysis 
included evaluation of the impacts of different hun-icane tracks, significant reductions in 
estimated sedimentation due to freshwater inflow, increasing the surficial sediment mix depth, 
and modifying the sediment resuspension potential parameter. In addition, the model was run 
with a 20 percent increase in wind speed. The results of the sensitivity analysis indicated 
negligible change in surface sediments, similar to the results for the design storm model. 

The model provides a useful prediction of average scour conditions during a stonn event. 
However, the nature of a hun-icane force stonn produces conditions that include large debris 
(i.e., telephone poles and pilings) traveling at high velocities in the water column and near the 
sediment surface. Such debris may scour localized areas to greater depths than the average 
conditions predicted by the model's simulation of wave and cmTent generated scour. Although 
debris related scour is a potential in localized portions of the bay, natural recovery will serve to 
minimize the effect of any sediment re-suspension that might occur as a result of these storm 
induced conditions. Further details about the modeling can be found in the 1998 "Sediment 
Transport Afodel - Hurricane Scour Report". 

DREDGE ISLAND A focused investigation on Dredge Island was initiated in 1996 to evaluate 
the potential for a non-time critical removal action. The focused investigation evaluated: (1) the 
nature and extent of mercury levels in soil; (2) the potential for mercury and PAHs to migrate 
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through ground water into Lavaca Bay; (3) the potential for surface runoff from the island to be a 
source of mercury in Lavaca Bay; and ( 4) the geotechnical properties of soil. 

A total of 271 samples were collected from 79 borings. The mercury results for Dredge Island 
are presented on Figure 3.3-4 of the RI Report. A computer model of Dredge Island was 
developed based on the historic construction sequence of the Island. Mercmy data was then 
imported into the electronic model for three-dimensional contouring. The results of the three
dimensional modeling are presented in the March 1997 "Surface Runoff, Sediments and 
Groundwater Investigation" Data Report. 

Neither mercury nor PAHs were detected in ground water below Dredge Island above the 
detection limit. Based on these findings, no significant pathway for significant loading of 
ground water beneath Dredge Island to the Bay System exists. 

The geotechnical evaluation showed that there were materials on the Island suitable for use in 
constructing dikes as part of the removal action. Also, as discussed earlier in the plan, surface 
run-off of mercury contaminated soil was identified as a source of mercury in Lavaca Bay 
sediments. 

Based on these findings, an Action Memorandum was signed by EPA in April 1998, for Alcoa to 
conduct a non-time critical removal action. The primary objective of the removal action was to 
minimize the potential for the release of mercury-contaminated material located on the Island in 
the event that a severe stom1 (i.e., hurricane) strikes the area. Also, the completed removal 
action will minimize the erosion of mercury-contaminated soils, outside the containment dikes, 
into Lavaca Bay. During the removal action, contaminated soil and dredge spoil on the island 
were relocated and put in placement areas on the island. Also, the island was fortified to protect 
against potential damage during a severe storm event such as a hurricane. 

PLANT/MAINLAND INVESTIGATIONS 
The Plant/Mainland portion of the RI evaluated on-site soils, on-site air, off-site air, off-site 
discharge of ground water to surface water and off-site discharge of ground water to potentially 
potable ground water. Focused investigations were conducted at the Chlor-alkali Process Area 
(CAPA), Site I Landfill and the former Witco Area. Site-wide investigations conducted were the 
Surface Soils Investigation, Interior Ground Water Reconnaissance Investigation, and 
Plant/Mainland Ground Water Investigation. 

SITEWIDE INVESTIGATIONS 

Ground Water: Several ground water zones occur at various depths across the site and are 
refeITed to as Zones A, B, and C (from shallowest to deepest). Zone A is usually present about 0 
to 5 feet above sea level and has Beaumont Clay above and below it. Zone B is separated from 
Zone A by Beaumont Clay. Zone B occurs around 20 to 30 feet below sea level and is between 
1 foot and 20 feet in thickness. Zone C is separated from Zone B by Beaumont Clay and is the 
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deepest ground water zone at the plant. The thickness of Zone C is unknown, but exceeds 50 
feet at the CAP A. Numerous ground water studies were conducted during the RI to evaluate the 
transport of contaminants from the Alcoa plant into the Lavaca Bay system. The RI also 
evaluated current ground water discharge conditions and future conditions. 

Plant/Mainland Perimeter Study: 
The Plant/Mainland study evaluated ground water flow to perimeter areas of the site with the 
exception of the CAPA, Site I Landfill and Witco. These areas were evaluated separately in 
focused investigations and are discussed later in this ROD. During the Plant/Mainland 
investigation, 22 wells were sampled to evaluate ground water discharge to the Bay System. Six 
wells were sampled to evaluate ground water discharge to Cox Creek/Lake. The wells were 
sampled for the Bay System chemicals of potential concern (CO PCs) which are mercury and 
P AHs. Some of the samples were also analyzed for chemicals present in Potential Source Areas 
(PSAs) up gradient of the monitoring wells. 

In areas where the ground water flows into Lavaca Bay and is not considered a potential source 
of drinking water, the ground water samples were analyzed for mercury and P AHs. The 
sampling results were compared to screening criteria which were developed by multiplying the 
Federal Maximum Contaminant Level times a dilution factor of 100. If the ground water was 
considered a potential source of drinking water, the samples were analyzed for additional 
chemicals and compared directly to Federal Maximum Contaminant Levels under the Safe 
Drinking Water Act. Finally, ifthe ground water flows toward Cox Lake/Creek (fresh water 
conditions), the sampling results were compared to freshwater ambient water quality criteria. 

For the areas where ground water discharges to the Bay System, mercury was detected at very 
low concentrations in Zone A and Zone B, while PAHs were detected at very low concentrations 
in Zone A. A model was used to detennine whether ground water flow across the 
Plant/Mainland perimeter (other than from CAPA) is a significant source of mercury to the Bay 
System. The modeling results show that for all perimeter areas, except CAPA and Witco, the 
estimated mercury loading is 0.003 pounds per year. This estimate shows that perimeter loading 
is significantly less than the mercury loading from CAP A, which is predicted to range from 0.4-
90 pounds per year. Therefore, it was determined that the 0.003 pounds per year perimeter 
ground water flow into the Bay System was not an area of concern because the amount of 
loading is insignificant when compared to other mercury sources. The perimeter ground water 
flow of mercury is not expected to impact the recovery of Lavaca Bay. 

Ground water discharge to potentially potable ground water receptors is not a currently complete 
exposure pathway. A search of the state water well records indicated that there is currently no 
use of the shallow ground water from the zones investigated during the RI. A well survey 
indicates that there are no water wells in Point Comfort. Current ground water discharge to off
site potentially potable ground water receptors was evaluated by sampling wells along the 
Northern Perimeter. Results from the sampling showed that mercury and P AHs were not 
detected above the detection level. In one well, arsenic and fluoride exceeded the federal 
Maximum Contaminant Level (MCL). As discussed above, shallow ground water has not been 
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used in the past, is not used now, nor will it likely be used in the future (due to land use 
restrictions and poor water quality). Therefore, this pathway was determined to be incomplete 
and did not require further investigation. 

Although the potential potable ground water user pathway is incomplete, ground water flow for 
the nmihern perimeter eventually discharges to Lavaca Bay north of the causeway. Since the 
fluoride concentration was above the aquatic screening level, a ground water model was used to 
estimate its concentration when it enters Lavaca Bay. The estimated concentration of fluoride 
that enters Lavaca Bay (0.68 mg/L) was compared to ecological risk-based criteria in the BLRA. 
Results of the comparison are discussed in the "Summary of Site Risks" section of the ROD. 

Eight ground water samples from wells along the eastern perimeter were analyzed for mercury, 
PAHs, and compounds associated with upgradient potential source areas (PSAs ). The sampling 
results were compared to freshwater aquatic standards or other risk-based criteria. Mercury was 
not detected in any of the samples and P AH concentrations were not above the detection limits. 
One well (PE06A) had concentrations of arsenic, cyanide, and fluoride above screening levels. 
A ground water model was used to evaluate the potential future discharge of these contaminants 
into Cox Creek/Lake. The estimated concentrations for arsenic (0.03 mg/L), cyanide (0.002 
mg/L), and fluoride (2.15 mg/L) determined by the ground water model were compared to risk
based criteria in the Baseline Risk Assessment (BLRA). Results of the comparison are 
discussed in the "Summary of Site Risks" section of the ROD. 

Interior Ground Water Reconnaissance Investigation (IGRI): 
The IGRI was conducted to evaluate if contaminants, other than the Bay System CO PCs 
(mercury and PAHs), could move from historic interior PSAs to the Bay System. For the IGRI, 
PSA-specific chemicals were measured in ground water samples collected upgradient and 
downgradient of 17 PSAs. Sampling results were used to determine the presence or absence of 

potential contamination in the ground water transport pathway at that PSA. 

None of the 17 PSA areas had concentrations of mercury or PAHs that exceeded the risk based 
screening values. Eight of the areas had concentrations of one or more chemicals that exceeded 
their risk based concentrations. For those PSAs that exceeded screening levels, ground water 
modeling was performed to evaluate the potential for releases of ground water to pose an 
unacceptable risk to human health or the environment. The modeling results showed that only 
contaminants present at the Municipal Landfill and Cametco area could likely migrate into 
Lavaca Bay. The concentrations from the ground water model were evaluated in the baseline 
risk assessment. 

Surface Soils: The Surface Soil Investigation (SSI) conducted in 1997 consisted of sampling at 
19 PSAs and background areas. Sampling areas were chosen by focusing on areas with observed 
staining or areas that are known or suspected to have the highest potential for contamination. 
Results from the sampling were compared to screening values (Risk Based Values) that were 
determined to be protective of human health and the environment. If the sampling results for a 
PSA were above the screening value, that PSA would be evaluated further in the BLRA. 
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Surficial soil samples exceeded human health screening values at nine PSAs while ecological 
screening values were exceeded at three PSAs. The COPCs at the PSAs were PAHs, 
polychlorinated biphenyls (PCBs) and vinyl chloride. Table 5-2 presents a summary of surficial 
soil concentrations for the PSAs that were evaluated in the BLRA. 

Air: Three studies were conducted to evaluate the off-site mercury concentrations. The first 
study was conducted in May 1995 and measured both vapor and particulate mercury 
concentrations at three locations. The three locations were in the city of Point Comfort, midway 
between Point Comfort and the PCO Plant, and south of the PCO plant. None of the daily 
ambient air samples collected over 15 days at any of the three sites showed a detectable level of 
mercury. 

The CAP A focused investigation indicated the presence of detectable concentrations of airborne 
mercmy above and downwind of CAP A. Measured mercury concentrations at the site exceed a 
risk-based value for residential exposures, but were below workplace exposures set by the Mine 
Safety and Health Administration. As discussed earlier, mercury was not detected in off site 
locations. Another study was conducted to determine ifthe atmospheric deposition of mercury 
was a significant contributor of mercmy to the Closed Area of Lavaca Bay. One year of data 
was collected at three sites in or near Lavaca Bay and at two background sites. The results 
indicate that mercury deposition from the ambient air into Lavaca Bay may be elevated above 
background levels. However, the amount of mercury possibly entering the Closed Area from 
atmospheric deposition is small relative to other historic sources of mercury to Lavaca Bay. 

FOCUSED INVESTIGATIONS 

Site I Landfill: A focused investigation was conducted at the Site I Landfill in 1996 and 1997 to 
evaluate if ground water from the landfill was impacting Cox Marsh or Cox Bay. Eleven 
monitoring wells were installed as part of the investigation and were analyzed for mercury and 
PAHs. The results of the ground water investigation showed that a completed exposure pathway 
for Bay System CO PCs (mercury and PAHs) to receptors in Cox Marsh or Cox Bay did not 
exist. Therefore, the Site I Landfill was eliminated from further evaluation during the RI. 

CAPA: A focused investigation was conducted at the chlor-alkali process area from December 
1996 to June 1997 which included sampling and analysis of samples of air, surface and 
subsurface soils, and ground water. Additional field work has occurred at the CAP A between 
1997 and 2000. 

Ground Water Investigation: The ground water-bearing units at CAPA have been 
subdivided into three principal water-bearing zones: Zone A, Zone B, and Zone C. Zone A 
is the uppermost water-bearing unit and was typically about 2 to 3 feet thick at depths of 
approximately 14 to 17 feet below ground level (approximately 2 to -1 feet below sea level). 
Zone B which occurs about 26 to 40 feet below ground level (approximately -10 to -24 feet 
below sea level), is separated from Zone A by a clay layer and is in physical contact with the 
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bottom of Lavaca Bay offshore of CAP A due to dredging of the navigation channel. 
Therefore, Zone B represents a zone of direct discharge from Zone B ground water to Lavaca 
Bay. In most areas at CAPA, Zone B has been subdivided into an upper member (Zone B1) 

and a lower member (Zone B2) separated by a fine-grained silt and clay unit. The combined 
thickness of Zone B1 and B:~ ranges from less than 6 feet south of Building R-300 to more 
than 20 feet thick west ofR-300. Zone C occurs 65 to 80 feet below ground level 
(approximately -49 to -66 feet below sea level) and is separated from Zone B by 
approximately 17 to 26 feet of clay. (See Figure 5-11) Ground water in the shallow zones in 
the area of CAPA is not considered suitable for drinking water due to high natural salinity. 

Total dissolved mercury concentrations in Zone B ground water ranged from below the 
detection limit to 6.6 milligrams/liter (or parts per million). (See Figures 5-12 and 5-13) 
Observations of core samples showed that visible elemental mercury DNAPL occurs at the 
base of Zone B and in the uppennost portion of clay underlying Zone B at two locations 
immediately west of former Building R-300. An additional drilling program was conducted 
at the CAPA during May 2000. The purpose of the drilling program was to evaluate the 
potential presence of mercury DNAPL based on anomalies identified from surface 
geophysical surveys conducted during April 2000. Nine new borings were drilled during the 
program and were generally located to coincide with geophysical anomalies west of fonner 
Building R-300. Visible mercury was identified in four boreholes. The western limit of 
visible mercury DNAPL is in the vicinity of wells CA047B, CA045B and CAP9264. 
Results of the drilling program confirm that the mercury DNAPL has not migrated westward 
from the Building R-300 area. Also, a DNA PL which was mainly composed of carbon 
tetrachloride was detected in monitoring wells. Based on analyses of a carbon tetrachloride 
DNAPL sample, mercury concentrations in the DNAPL ranged from 3.1 mg/kg to 7.4 mg/kg. 

As discussed earlier, a ground water extraction and treatment system was installed at CAP A 
to evaluate the effectiveness of Zone B ground water extraction as a means for hydraulic 
control. The system has been operating since 1998 and has been successful in reversing the 
ground water gradient in the area of CAP A. Based on the weight-of-evidence, neither 
mercury nor carbon tetrachloride DNAPL are believed to be in contact with Lavaca Bay. 
Carbon tetrachloride is a minimal risk to human and ecological receptors when compared to 
mercury. Although monitoring for carbon tetrachloride will continue, no specific remedial 
action objectives are being developed for carbon tetrachloride as it is anticipated that actions 
to address mercury in CAPA ground water and DNAPL will also address carbon 
tetrachloride. These efforts appear to have resulted in significant decreases in terms of 
impacts to Lavaca Bay from dissolved-phase contaminants. The ground water extraction 
system is expected to remove an estimated 0.4 to 90 pounds/year of mercury that otherwise 
would flow from CAPA ground water into Lavaca Bay. Also, approximately 1,100 pounds 
of mercury DNAPL were removed during the treatability study. 
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Soils Investigation: In this investigation shallow soils (less than 4 feet in depth), deeper soils 
(below 4 feet and to the top of the A Zone), and soils from the water-bearing zones were 
sampled and analyzed. Free elemental mercury and elevated mercury concentrations (greater 
than 1,000 ppm) were observed in soil samples within the footprint of Building R-300. 
Building R-300 is the location of the mercmy cells that were used in the production of 
caustic and chlorine. Visible elemental mercury and/or elevated total mercmy 
concentrations were encountered in soils within the Building R-300 footprint as deep as 18 
feet below grade. Elemental mercmy was also observed at the base of the Zone B unit, and 
in clay samples immediately below the base of Zone B in two borings drilled near a mercury 
collection trench just west of Building R-300. Concentrations of mercury outside the 
footprint of the R-300 building were generally less than the risk based screening value. 

Air Investigation: Air sampling was conducted at five sites in and around the CAP A. The 
results from the sampling were compared to Occupational Safety & Health Administration 
(OSHA) permissible levels (50 µg/m3

), Mine Safety & Health Administration (MSHA) 
permissible levels (50 µg/m3

), and a residential RBV of 0.3 µg/m3
. Mercury concentrations 

from the interior of CAPA had concentrations ranging from 0.52 µg/m 3 to 3.34 µg/m3
. 

Mercury concentrations in upwind samples were very low, ranging from nondetectable levels 
to 0.023 µg/m3

. Concentrations of mercury downwind of CAPA ranged from 0.203 µg/m3 to 
0.786 µg/m3

. Measured mercury air concentrations exceeded the RBV for residential 
exposure, but were well below the OSHA and MSHA pennissible air concentrations. Alcoa 
conducted a study in May 1995 to evaluate offsite ambient mercury concentrations. Both 
vapor and particulate mercury concentrations were measured at three locations. None of the 
daily air samples collected over 15 days at any of the three sites showed a detectable level of 
mercmy. Because concentrations of mercury were below the OSHA and MSHA permissible 
levels, no further evaluation of the air inhalation pathway was conducted. 

Witco - A focused investigation was conducted at the Witco Area during 1998 and 1999 to: (1) 
determine the potential discharge of PAHs and mercmy in ground water to the Bay System: (2) 
identify and delineate the extent of DNA PL; and (3) define the potential for ground water and 
DNAPL migrating from the Witco Area to present an ongoing source of PAHs to Lavaca Bay 
sediments. The soils at Witco were investigated as part of the sitewide soils investigation. The 
Witco Area consists of two primary areas: (1) the Witco Processing Area; and (2) the former 
Witco Coal Tar Tank Farm Area. 

Ground water - A two-phase investigation was conducted at the Witco Area. The Phase 1 
investigation identified the presence of elevated P AH concentrations in ground water. One 
objective of the Phase 2 investigation was to further characterize the ground water pathway. 
Another objective was to determine the potential for ground water or DNAPLs migrating 
from the Witco Area to present an ongoing source of PAHs to the Bay System. The focused 
investigation included the drilling of 11 soil borings, installation of temporary and pennanent 
monitoring wells in Zones A, B, and C, and a DNAPL observation well. 
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During Phase 2, ground water sampling showed that mercury concentrations were below 
detection levels with the exception of one sample that was just slightly above the detection 
level. Therefore, it was determined that the Witco area was not a source for release of 
mercury to the Bay System. 

Total PAH concentrations in samples from Zone B wells ranged from below detection limits 
to 6.95 mg/l. In general, the highest concentrations of PAH detected in ground water were 
from wells near areas where P AH DNAPL was detected. P AH DNAPL was observed in 
several borings during the Phase l and Phase 2 investigations. The data indicate that P AH 
DNAPL is present at the former Coal Tar Tank Farm area and an area at the north end of the 
fom1er Witco Process Area. No significant PAH DNAPL accumulations have been 
identified in the former Witco Process Areas. 

Near the Coal Tar Tank Farm, PAH DNAPL was observed at the base of the fill layer where 
it contacts the original shoreline. PAH DNAPL was not observed in Zone Bin the Coal Tar 
Tank Farm area. During inspection of the shoreline area to the southwest of the Coal Tar 
Tank Fam1, an area of dark-stained, oily soil/sediment was observed. It is believed that the 
primary mechanism for PAR discharge to Lavaca Bay is through the movement of PAR 
DNAPL along the fill base to the west of the former Coal Tar Tank Farm and directly into 
the Bay sediments. Sediment sampling has shown that P AH concentrations in sediments 
near the Witco Area are elevated. In addition, P AH concentrations in surface sediments are 
elevated, indicating that an ongoing source of P AHs may be present. 
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SECTION 5 - Srrn CHARACTERISTICS 

Table 5-1 
Summary of Methylmercury Concentrations in Fish and Shellfish 

Number of Minimum Maximum Arithmetic Mean 

Closed Area 

Red Drum 
Spotted Seatrout 
Southern Flounder 
Black Drum 
Other F infish 1 

Oysters 
Blue Crabs 
Shrimp 
By-catch - Finfish 2 

Bv-catch - Shellfish 3 

Open Area 

Red Drum 
Spotted Seatrout 
Southern Flounder 
Black Drum 
Other Finfish 1 

Oysters 
Blue Crabs 
Shrimp 
By-catch - Finfish 2 

Bv-catch - Shellfish 3 

Other Bays 

Red Drum 

I 
Spotted Seatrout 
Southern Flounder 

I Black Drum 

I 
Other finfish 1 

Oysters 
I Blue Crabs 

I 
Shrimp 
By-catch - Finfish 2 

I By-catch - Shellfish 3 

Samples (mg/Kg) (mg/Kg) 

290 0.08 4.45 
51 0.18 1.49 
9 0.16 1.21 

274 0.02 3.76 
61 0.07 1.72 
25 0.03 0.26 
543 0.03 2.54 
17 0.00 0.14 

149 0.03 3.76 
543 0.03 2.54 

87 0.06 1.30 
29 0.09 0.88 
12 0.03 0.32 

104 0.02 1.10 
93 0.01 1.35 
25 0.01 0.05 
118 0.03 0.52 
6 0.01 0.06 

113 0.01 0.60 
118 0.03 0.52 

6 0.06 0.19 
5 0.09 0.14 
3 0.03 0.07 
6 0.02 0.60 

40 0.01 0.32 
22 0.00 0.01 
13 0.00 0.20 
22 0.00 0.01 
113 0.01 0.60 
13 0.00 0.20 

1 Includes sand seatrout, gaftopsail catfish, Atlantic croaker, and sheepshead 

(mg/Kg) 

1.22 
0.53 
0.41 
0.71 
0.42 
0.10 
0.47 
0.04 
0.45 
0.47 

0.40 
0.31 
0.14 
0.28 
0.18 
0.03 
0.18 
0.02 
0.14 
0.18 

0.13 
0.11 
0.05 
0.13 
0.06 
0.00 
0.06 
0.00 
0.05 
0.06 

2 Finfish average for bycatch based on: 3.3% black drum, 84.1 % flounder, and 12.6% sheepshead 
3 Shellfish is assumed to be 100% blue crab since relatively little shrimp and no oysters were 

reportedly consumed as by-catch by commercial shrimpers 
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Area 

Smelter Area 

Construction 
Debris Landfill 

Mainland 
Shoreline No. 3 

Witco 

Waste Oil 

I 
Management 
Area 

Enron Tanks 

Fire Training 
Area 

Exxon Station 

CF Bean 
Property 

SECTION 5 - Srrn CHARACTERISTICS 

Table 5-2 
Summary Concentration Data 

Surficial Soil Investigation 

Range of Concentration 
(minimum - maximum) 

Total PAH Arsenic PCB-1248 PCB-1254 
(ppm) (ppm) (ppm) (ppm) 

6.9 - 487.9 2.1 - 18.7 ND ND - 3380 

0.7 - 17.8 1.5 - 2.4 NA NA 

196.9 - 301.2 NA NA NA 

25.0 - 8341.8 4.6 - 4.9 ND ND 

ND - 0.2 

I 

2.25 - 2.27 I 96.2 _ 3340 I ND 

124 - 3423 2.6 ND ND 

ND- 5.2 1.1-2.4 ND ND 

0.8-6.1 3.8 - 4.2 NA NA 

2.3 - 27.7 3.1 - 19.3 ND ND 

Vinyl Chloride 
(ppm) 

ND 

NA 

NA 

ND - 5.1 

I 

ND 

I 
ND 

ND 

ND 

ND 
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SECTION 5 - SITE CHARACTERISTICS 

Figure 5-1 
CONCEPTUAL SITE MODEL 

PLANT/MAINLAND, DREDGE ISLAND, CHLOR ALKALI PROCESS AREA AND LAVACA BAY 

SOURCE 
MATERIAL 

RELEASE MECHANISM ENVIRONMENTAL 
TRANSPORT & FATE 

EXPOSURE CURRENTRECEPTOR 
ROUTE 

POTENTIAL 
FUTURE 

RECEPTOR 

Maintenance Trespassing Industrial Construction 

Soil Volatilization to Air Air Dispersion 
----

Soil Fugitive Dust Generation Air Dispersion ----

Soil 

Sediments Uptake by Fish 

Sediments 

- Indicates potential human receptor for complete migration pathway 
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Recreational Angler Commercial Shrimper 
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SECTION 5 - SITE CHARACTERISTICS 

Figure 5-2 
Terrestrial Ecosystem Conceptual Site Model for Mercury 
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SECTION 5 - SITE CHARACTERISTICS 

Figure 5-3 
Terrestrial Ecosystem Conceptual Site Model for Other Metals 
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SECTION 5 - SITE CHARACTERISTICS 

Figure 5-4 
Terrestrial Ecosystem Conceptual Site Model for HPAH 
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SECTION 5 - SITE CHARACTERISTICS 

Figure 5-5 
Estuarine Ecosystem Conceptual Site Model for Mercury 
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SECTION 5 - SITE CHARACTERISTICS 

Figure 5-6 
Estuarine Ecosystem Conceptual Site Model For LPAH and HPAH 
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SECTION 5 - SITE CHARACTERISTICS 

Alcoa/Lavaca Bay 
Surface Mercury Contours 

5000 0 5000 10000 Feet 

Figure 5-7 
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Alcoa/Lavaca Bay 
Surface Total PAH Contours 
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SECTION 5 - SITE CHARACTERISTICS 

Figure 5-8 
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SECTION 5 - SITE CHARACTERISTICS 

Figure 5-9 
Lavaca Bay Surface Water Sampling 
Pre-CAP A Ground Water Extraction 
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SECTION 5 - SITE CHARACTERISTICS 

Figure 5-10 
Lavaca Bay Surface Water Sampling 
Post-CAP A Ground Water Extraction 
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SECTION 5 - SITE CHARACTERISTICS 

Figure 5-11 

CAPA Cross Section 

~H"-W:&.~ ts:~·:·t~f ur<t'!=m:@m:~.~:~ ~::ti 
~~,~~m~q 

·}=~~~f:!!~~%¥~~~~;w.~~~: ~;;;; (1i·.~~·f't)· 

Alcoa (Point Comfon) I Lavaca Bay Superfimd Site Record of Decision - December :!001 

ED_013073_00000027-00050 

R-300 B uil ding 
:~<~~ ... ~ 
···~i.,:_········ 

}'EZ ~f~l 

:«t~~i~lS?.-.t 
Zth:F. ·:M·n:~r. 

5-27 



SECTION 5 - SITE CHARACTERISTICS 

Figure 5-12 
Unfiltered Total Mercury in Zone Bl Ground Water 

.,_\ 

\ 
\ 

\~ 

\ 
\ 

\ 
\ 
\ 
0, 

\ 

Alcoa (Point Comfon) I Lavaca Bay Superfimd Site Record of Decision - December :!001 

ED_013073_00000027-00051 

5-28 



SECTION 5 - SITE CHARACTERISTICS 

Figure 5-13 
Unfiltered Total Mercury in Zone B2 Ground Water 
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SECTION 6 - CURRENT AND POTENTIAL FUTlJRE LAND AND RESOURCE USE 

SECTION 6 

Current and Potential Future Land and 
Resource Use 

The Site is bordered by State Highway 35 to the north and surrounded to the east, south, and 
west by Lavaca Bay, Cox Bay, Cox Marsh, and Cox Lake. Surrounding land uses are industrial, 
residential, and agricultural (pasture), as shown in Figure 6-1. Land uses adjacent to the Alcoa 
facility are principally industrial, including Formosa Hydrocarbons Production Corporation, 
Central Power & Light Company, and Calhoun County Navigational District (CCND). 
Agricultural pasturelands are located to the east of the Alcoa property, including the Brookings 
Property located between the Alcoa facility and Cox Creek, and the Traylor Property located 
across Cox Creek. Both areas are used for beef cattle grazing. No agricultural crops are grown 
in the immediate area although residents of Point Comfort may have home gardens. 

Lavaca Bay is a secondary estuary associated with the larger Matagorda Bay System that 
consists of Matagorda Bay, Lavaca Bay, Tres Palacios Bay, Carancahua Bay, and Turtle Bay. 
Lavaca Bay is also associated with a number of smaller bays such as Keller Bay, Chocolate Bay, 
and Cox Bay. The Matagorda Bay System is typical of most Gulf of Mexico estuaries that 
generally consist of a complex lagoonal system. The Matagorda Bay System is nearly isolated 
from the Gulf of Mexico by barrier islands and is fed by several rivers and tributaries. The Bay 
is used for both commercial and recreational purposes. The area is attractive to industry because 
of the availability of navigable waterways, including a deep-water port at Point Comfoti that is 
served by the 38-foot deep Matagorda Ship Channel. Constructed platforms within the bays are 
used in oil and gas production and are common in portions of Lavaca and Matagorda Bays. 

Recreational fishing as well as commercial shrimping, fishing, crabbing, and oystering occur 
in Lavaca Bay. There are numerous fishing facilities located in or near Lavaca Bay, including 
boat ramps, piers, docks, and bait shops (Figure 6-2). Within the local Texas coastal 
communities, fishing is an important recreational activity. Other recreational activities such as 
swimming do occur, although access is typically more restricted. An important swimming area 
in the immediate vicinity of the Alcoa facility is the Lighthouse Beach Fishing Pier, located in 
Port Lavaca (Point #1, Figure 6-2). 

Future uses of Lavaca Bay are anticipated to remain the same. However, Calhoun County and 
the city of Port Lavaca have developed plans for expanded facilities to promote tourism and 
recreational use of the Lavaca Bay area. Port Lavaca has developed a master plan that 
incorporates improvements of the marina and bay front access with park facilities that promote 
waterfront recreational activities. 
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SECTION 6 - CURRENT AND POTENTIAL FUTlJRE LAND AND RESOURCE USE 

Ground water in Calhoun County and southwestern Jackson County is of generally poor 
quality due to naturally high total dissolved solids (TDS) and high chloride content and, 
therefore, is not extensively used as a drinking water supply. A zone of fresh to slightly saline 
ground water (TDS ofless than 1,000 to 3,000 ppm) is present in the vicinity of the site at a 
depth of 200 to 400 feet below ground level. This interval is overlain and underlain by 
moderately saline to very saline ground water (TDS content of 3,000 to 35,000 ppm). Ground 
water exploration by Alcoa during development of the facility did not identify ground water with 
favorable quality, and therefore the facility never has used site ground water as a source of 
drinking water. Currently, site drinking water is obtained from a well field 8 miles away from 
the site. A search of state water well records indicated that there is currently no use of the 
shallow ground water from the transmissive zones investigated during the RI. A water well 
inventmy was conducted during the RI in Point Comfort. The results of the inventory revealed 
that ground water wells were not completed in the transmissive zones that were the focus of the 
RI because other sources of water have always been available in the city. Thus, shallow ground 
water in the areas of the site with TDS less than 10,000 ppm, has not been used in the past, is not 
used now, nor will it likely be used in the future. 
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SECTION 6 - CURRENT AND POTENTIAL FUTlJRE LAND AND RESOURCE USE 

Figure 6-1 

Current land Use 
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SECTION 6 - CURRENT AND POTENTIAL FUTlJRE LAND AND RESOURCE USE 

Figure 6-2 

Area fishing facilities 
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SECTION 7 - SlJMMARY OF SITE RISKS 

SECTION 7 

Summary of Site Risks 

A BLRA was performed to estimate the probability and magnitude of potential adverse 
human health and environmental effects from exposure to contaminants associated with the Site 
assuming no remedial action was taken. It provides the basis for taking action and identifies the 
contaminants and exposure pathways that need to be addressed by the remedial action. The 
public health risk assessment followed a four step process: 1) hazard identification, which 
identified those hazardous substances which, given the specifics of the site were of significant 
concern; 2) exposure assessment, which identified actual or potential exposure pathways, 
characterized the potentially exposed populations, and detem1ined the extent of possible 
exposure; 3) toxicity assessment, which considered the types and magnitude of adverse health 
effects associated with exposure to hazardous substances, and 4) risk characterization and 
uncertainty analysis, which integrated the three earlier steps to summarize the potential and 
actual risks posed by hazardous substances at the site, including carcinogenic and non
carcinogenic risks and a discussion of the uncertainty in the risk estimates. A summary of those 
aspects of the human health risk assessment which support the need for remedial action is 
discussed below followed by a summmy of the environmental risk assessment. 

Human Health Risk Assessment 

CHEMICALS Of CONCERN 

As discussed in the Project Management Plan, a data assessment step was incorporated into 
the RI/FS process to focus data needs and objectives for subsequent phases of the RI. The data 
assessment provided a conservative framework to identify chemicals, pathways, media, and 
possible source areas of potential concern. If a chemical, pathway, medium or potential source 
area was shown to pose insignificant risk during the data assessment, it was eliminated from 
further consideration, and was not evaluated in the BLRA. 

Ecological risk-based values were developed for a range of potential land uses and specific 
habitat types at the site. Several groups of PSAs with similar habitats were grouped into Habitat 
Areas and evaluated in the BLRA. These habitat areas represent all of the PSAs that have or are 
surrounded by habitats suitable for ecological receptor use. 

COPCs are defined as those chemicals that exceeded screening criteria identified in the data 
assessment and required quantification in the BLRA. COPCs were developed separately for 
human health and ecological risk assessment. Table 7-1 provides a list of CO PCs and associated 
PSAs that were evaluated in the human health BLRA. The CO PCs retained for the ecological 
BLRA and associated PSAs are summarized in Table 7-2. 
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In the BLRA, EPA uses a concentration for each COPC to calculate the risk. This 
concentration, called the exposure point concentration, is a statistically-derived number based on 
all the sampling data for the site. Generally, the 95 percent upper confidence limit (UCL) on the 
arithmetic mean concentration for a chemical is used as the exposure point concentration. The 
95 percent UCL on the arithmetic mean is defined as a value that, when calculated repeatedly for 
randomly drawn subsets of the site data, equals or exceeds the true mean 95 percent of the time. 

The COPCs were selected to represent potential site related hazards based on toxicity, 
concentration, frequency of detection, and mobility and persistence in the environment and can 
be found in Tables 3-3, 3-8 and 3-9 of the BLRA. From this, a subset of the chemicals were 
identified in the Feasibility Study as presenting a significant current or future risk and are 
referred to as the chemicals of concern in this ROD and summarized in Tables 7-3 through 7-5. 
These tables contains the exposure point concentrations used to evaluate the reasonable 
maximum exposure scenario (RME)in the baseline risk assessment for the chemicals of concern. 
Estimates of average or central tendency exposure concentrations for the chemicals of concern 
and all COPCs can be found in Tables 3-3, 3-8 and 3-9 of the BLRA. 

EXPOSURE ASSESSMENT 

An exposure assessment was conducted as part of the BLRA. The exposure assessment 
consists of characterizing the potentially exposed receptors, identifying exposure pathways, and 
quantifying exposure. An exposure pathway usually includes the following: ( 1) a source and 
means of contaminant release; (2) a transpmi medium (e.g., air, ground water, etc.); (3) a point 
of contact with the medium (i.e., receptor); and ( 4) an intake route (e.g., inhalation, ingestion, 
etc.). The conceptual site models developed for the site (as described in Section 5) were used in 
determining the appropriate exposure pathways for the risk assessment. Table 7-6 presents a 
compilation of the risk scenarios evaluated in the BLRA. 

Plant/Mainland: 
For the Plant/Mainland PSAs, the exposure pathways evaluated were inhalation of vapors 

and fugitive dust from soil, direct or incidental skin contact and ingestion of soil. Since none of 
the PSAs evaluated in the BLRA are operational, the only current receptor that may contact 
contaminants is a maintenance worker, or for the two perimeter PSAs (CF Bean Property and 
Exxon Station), a trespasser. Possible future industrial land use scenarios were evaluated to 
determine if a particular land use and exposure scenario may pose potential adverse risks in the 
future. Therefore, a general industrial worker receptor and a construction worker receptor were 
included in the BLRA. A conservative screening-level analysis of potential risks to off-site 
receptors was conducted. Results from the analysis indicated that indirect exposure pathways to 
off-site receptors were insignificant when compared to exposure to on-site receptors. 

Dredge Island: 
The Dredge Island was evaluated in the BLRA based on its configuration and environmental 

setting following completion of the non-time critical removal action. A large pmiion of the 
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Island will be contained within the diked area with mercury-containing soils that will eventually 
be covered with "clean" dredge sediments. The remaining portions of the Island outside the 
diked area could have limited future human use. If left undeveloped, the Island will return to a 
natural state and support ecological receptors. One likely future human use is development by 
the CCND for possible commercial purposes. If the CCND undertook development work, some 
construction activities would be required. Therefore, potential exposure pathways for the 
construction worker include: (1) incidental ingestion of soil; (2) dermal contact with soil; and (3) 
inhalation of vapors and fugitive dust from soil. 

Lavaca Bay: 
There are multiple current uses of Lavaca Bay, including recreational (fishing, boating, 

swimming) and commercial (shrimping and commercial shipping/barge traffic). If development 
of Lavaca Bay occurs in the future, it is most likely that the development will occur to enhance 
or expand its value for recreational or commercial purposes. Therefore, the exposure assessment 
will focus on potential exposures associated with current recreational and/or commercial uses. 

In areas of Lavaca Bay there are opportunities for direct contact with contaminated 
sediments. The areas of interest include sh al low portions of the Bay near the causeway where 
access is provided to wade fishennen, as well as along the Alcoa shoreline and the shoreline of 
Dredge Island. These shoreline areas also have higher average sediment contaminant 
concentrations. 

Exposure to mercury through ingestion of contaminated fish may occur throughout Lavaca 
Bay, including the Closed Area and open areas of the Bay. Anglers and commercial shrimpers 
catch fish at many different locations throughout the Bay. A site-specific fish consumption 
survey indicated that the persons with the highest ingestion rates of fish and shellfish from 
Lavaca Bay are avid anglers and commercial shrimpers. No other "subsistence" populations 
were identified. 

TOXICITY ASSESSMENT 

Excess lifetime cancer risks were determined for each exposure pathway by multiplying a 
daily intake level with the chemical specific cancer potency factor. Cancer potency factors have 
been developed by EPA from epidemiological or animal studies to reflect a conservative "upper 
bound" of the risk posed by potentially carcinogenic compounds. That is, the true risk is 
unlikely to be greater than the risk predicted. The resulting risk estimates are expressed in 
scientific notation as a probability (e.g. l x io-6 for 1/1,000,000) and indicate (using this 
example), that an average individual is not likely to have greater that a one in a million chance of 
developing cancer over 70 years as a result of site-related exposure (as defined) to the compound 
at the stated concentration. All risks estimated represent an "excess lifetime cancer risk" - or the 
additional cancer risk on top of that which we all face from other causes such as cigarette smoke 
or exposure to ultraviolet radiation from the sun. The chance of an individual developing cancer 
from all other (non-site related) causes has been estimated to be as high as one in three. EPA's 
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generally acceptable risk range for site related exposure is 10-4 to 10-6
. Current EPA practice 

considers carcinogenic risks to be additive when assessing exposure to a mixture of hazardous 
substances. A summary of the cancer toxicity data relevant to the chemicals of concern is 
presented in Table 7-7. 

In assessing the potential for adverse effects other than cancer, a hazard quotient (HQ) is 
calculated by dividing the daily intake level by the reference dose (RfD) or other suitable 
benchmark. Reference doses have been developed by EPA and they represent a level to which 
an individual may be exposed that is not expected to result in any deleterious effect. RtDs are 
derived from epidemiological or animal studies and incorporate uncertainty factors to help 
ensure that adverse health effects will not occur. A HQ less than or equal to l (:::; 1) indicates 
that a receptor's dose of a single contaminant is less than the RfD, and that toxic noncarcinogenic 
effects from that chemical are unlikely. The Hazard Index (HI) is generated by adding the HQs 
for all chemical(s) of concern that affect the same target organ (e.g. liver) within or across those 
media to which the same individual may reasonably be exposed. A HI :::; l indicates that toxic 
noncarcinogenic effects are unlikely. A summary of the noncarcinogenic toxicity data relevant 
to the chemicals of concern is presented in Table 7-8. 

RISK CHARACTERIZATION 

The final step of the risk assessment process is called risk characterization. Risk 
characterization combines the exposure assessment with the toxicity assessment. The toxicity 
assessment evaluates the relationship between a dose of a chemical and the predicted occurrence 
of an adverse health effect. In the risk assessment, toxic effects are separated into two 
categories: cancer effects and noncancer effects. For noncancer effects, the risk is expressed as a 
HI. An HI greater than l indicates a potential for adverse effects. Potential cancer effects are 
characterized in terms of the excess chance of an individual developing cancer over a lifetime as 
a result of exposure to a potential carcinogen. An excess cancer risk of l x 1 o-6 is used by EPA 
as a starting point for determining remediation goals. Acceptable exposure levels for 
carcinogens are generally at concentrations that represent an excess cancer risk of between l x 
io-4 and 1 x io-6

. The hazards and/or cancer risk presented in the risk characterization should 
be viewed along with uncertainties that exist in the data, assumptions, methods and endpoints 
that are being studied. 

Plant/Mainland: 
Surface soils at the Witco and Smelter Areas result in excess cancer risk between 1 x io-4 and 

l x 1 o-6 for a current receptor. Cancer risks for all other PSAs were below l x 1 o-6 for the 
current receptor. Potential risks from surface soils at the Mainland Shoreline #3, Witco, and 
Smelter Area are between 1 x 10-4 and 1 x 1 o-6 for the future construction worker. Cancer risks 
for the future construction worker at all other PSAs were below 1 x 10-6

. Estimated cancer risks 
for the future industrial worker at the CF Bean Property, CAP A, Witco and Smelter Areas are 
between l x io-4 and l x io-6

. Cancer risk estimates for all other PSAs were below 1 x 10-6
. 

The majority of risks for all scenarios is a result of exposure to P AHs in soil. 
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Within the footprint of the R-300 Building at CAPA, the HI is greater than 1 based on 
estimated exposure to mercury for industrial exposure scenarios. The majority of the HI is from 
incidental ingestion of mercury-contaminated soil. The HI for CAP A outside the footprint of the 
R-300 Building was less than l for all exposure scenarios. 

Dredge Island: 
The only contaminant of concern at Dredge Island was mercury. The HI calculated for 

ingestion of and dermal contact with soil was less than l when both the predicted mean and 
maximum mercury concentrations were used. 

Lavaca Bay: 
The risk characterization for the Bay evaluated dermal contact with sediments, fish 

consumption by recreational anglers and bycatch consumption by commercial shrimpers. The 
recreational angler risk characterization evaluated people who caught and consumed fish 
exclusively from Lavaca Bay, including a portion from the Closed Area. Also, the recreational 
risk characterization evaluated anglers who fished and consumed fish from the Closed Area. 
Risks for dermal contact with sediments was based on the assumption that anglers are exposed to 
contaminated sediments while fishing the shoreline near the Highway 35 causeway. The HI for 
dermal exposure to mercury in sediments was significantly below levels of concern. Also, the 
lifetime incremental cancer risk was estimated at 3 x l o-6 for dermal exposure to total P AHs in 
sediments. 

The risk characterization for fish consumption presented in the BLRA was estimated both 
qualitatively and quantitatively for women of child-bearing age. The developing fetus represents 
the most sensitive receptor for methylmercury exposure. For the qualitative evaluation, a 
weight-of-evidence approach was used to present the potential risk results. The weight-of
evidence approach estimated risks using various methylmercury toxicity criteria. EPA uses a 
methylmercury toxicity value referred to as an RID. The Agency for Toxic Substances and 
Disease Registry (ATSDR) uses a toxicity value referred to as the MRL. During the RI, Alcoa 
developed a methyl mercury toxicity value, that was reviewed by an external peer review group. 
The alternative toxicity value was also used in the risk characterization. An independent review 
of the methylmercury toxicity value was completed by the National Academy of Science (NAS) 
after EPA Region 6 approved the Baseline Risk Assessment. 

EPA Region 6 approved the Baseline Risk Assessment for the Alcoa/Lavaca Bay Site in June 
2000. The findings from the NAS study were released in July 2000. On the basis of its 
evaluation, the NAS committee concluded that the value ofEPA's cmTent RID for 
methylmercury, of 0.1 µg/kg per day, is a scientifically justifiable level for the protection of 
public health. Based on the results of the NAS report, the risk characterization contained in the 
Baseline Risk Assessment for the Site for women of child-bearing age who consume mercury
contaminated seafood had to be reviewed. 
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The approved Baseline Risk Assessment utilized the reasonable maximum exposure (RME) 
scenario to describe the potential risk to a woman of child-bearing age who consumed fish 
containing mercury. The RME relies on the application of multiple assumptions and/or 
calculations such as ingestion rate, concentration of mercury in fish, fraction ingested from the 
contaminated source, each with its own level of uncertainty. Use of the RME is designed to 
overpredict risks for most of the population. As such, the RME is useful for predicting human 
health risk and associated remedial actions. Another way to evaluate risk is to use average 
assumptions, rather than the more conservative assumptions included in an RME. 

Based on results from a survey of anglers, women of child-bearing age consumed an average 
of approximately 18 grams of fish per day. The value used for fish consumption rate in the 
BLRA (the RME value) was the 90th percentile value, or 45 grams/day. These consumption rates 
are well above values utilized by EPA for consumption of marine fish (mean of 7.2 and 95th 
percentile value of 26 grams/day) based on the National Marine Fisheries Survey and also above 
results from other surveys. This consumption rate also is well in excess of the non-site specific 
default rate TNRCC could apply to recreational fisherman in its risk assessments conducted for 
remedial decision making. 

Predicted health risks associated with consumption of fish from Lavaca Bay (i.e., Lavaca 
Bay Fishem1an and Closed Area Fisherman) as well as all bays (i.e., the "All Fishermen" 
scenario) using the average consumption rate (18 grams/day) and RME consumption rate ( 45 
grams/day) are as follows: 

Hazard Index 
Exposure Group Average Consumption Rate RME Consumption Rate 

All Fishermen4 <l 1.7 
Lavaca Bay Fishermen5 <l 2.2 
Lavaca Bay Closed Area Fishermen6 1. 7 4.0 
Closed Area7 2.1 5.0 

The current EPA reference dose suggests that pregnant women that consume fish from 
Lavaca Bay at the RME fish consumption rate used in the BLRA could put their unborn child at 
risk for potential neurodevelopmental effects. Due to background levels of mercury not 
associated with Alcoa PCO, this same statement could also apply to other bays on the Texas 
coast. Using average consumption rates (1 fish meal every 10 days), rather than the RME 
consumption rate derived from the angler study, consumption of fish from the Closed Area is the 
only scenario that would pose a potentially unacceptable risk. 

4 
All Fishermen - fishermen who fished in Lavaca Bay, but who fished mostly in other Texas bays 

5 
Lavaca Bay Fishermen - fishermen who fished mostly in Lavaca Bay, but not in the Closed Area 

6 
Lavaca Bay and Closed Area Fishermen - fishermen who fished mostly in Lavaca Bay, but occasionally in the Closed Area 

7 
Closed Area Fishe1men - fishem1en who fished mostly in the Closed Area 
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Table 7-9 presents the carcinogenic risk summary evaluated for present and potential future 
exposure to soil for the Former Witco Area. Table 7-10 presents the non-carcinogenic risk 
summary for current exposure to soils within the footprint of the R-300 building area while 
Table 7-11 presents the non-carcinogenic risk summary for future exposure to soils with the 
footprint of the R-300 building. Only those exposure pathways deemed relevant to the remedy 
being proposed are presented in this ROD. Readers are referred to the baseline risk assessment 
for a more comprehensive risk summary of all exposure pathways evaluated for all chemicals of 
potential concern and for estimates of the central tendency risk. 

UNCERTAINTY ANALYSIS 

The risks/hazards determined in the BLRA are the results of conditional estimates given 
multiple assumptions for exposure, toxicity, and other variables. Therefore, unce11ainty is 
inherent to the risk assessment process. The uncertainty analysis identifies the relative 
contribution to overall uncertainty from each assumption or data point used in the risk 
assessment. The purpose of the uncertainty analysis is to provide decision makers with 
additional information on the assumptions and data used in the BLRA and the implications and 
limitations of these assumptions. Uncertainty in a BLRA is generally derived from three 
primary sources: I) accurate characterization and representation of site contamination and 
conditions; 2) accurate assessment of potential exposure; and 3) known (or unknown) health 
effects related to the chemicals and the relevance of these toxicities at the estimated exposures. 
Section 3.5 of the BLRA provides a detailed discussion of the uncertainties of the BLRA. 

Two areas of uncertainty that are discussed in the Baseline Risk Assessment are the reference 
dose (RID) for methylmercury and the finfish/shellfish consumption rates. In general, the RID is 
not a "bright line" between safety and toxicity; however, there is a progressively greater concern 
about the likelihood of adverse effects above this level. The RID is used to estimate a level of 
environmental exposure at or below which no adverse effect is expected to occur. The RID is an 
estimate, with uncertainty spanning perhaps an order of magnitude, of a daily exposure to the 
human population that is likely to be without appreciable risk during a lifetime. RIDs are based 
on an assumption of lifetime exposure and may not be appropriately applied to less-than lifetime 
exposure situations. 

The Consumption Study conducted by Alcoa was designed to evaluate fishing and 
consumption patterns of individuals living near the Bay because these individuals are the most 
likely to fish most frequently in the Bay. These data were important to assess Natural Resource 
Damages as well as to support the RME scenario in the BLRA. The survey was conducted in 
November when there likely is greater frequency of fishing activities and higher consumptive 
use of the fish resources when compared to the rest of the year. As a result, some parameters, 
especially the consumption rate, were highly influenced by specific fishing patterns that are 
more common for this time of the year. Approximately 3 ,500 surveys were sent out to licensed 
fishermen. About 2,000 people responded (35% of respondents were women of child-bearing 
age). Of the almost 2,000 respondents who reported fishing along the Texas coast, 370 rep01ied 
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fishing in Lavaca Bay occasionally, and 23 reported fishing in the Closed Area at least once. 
(This second value would be smaller now since Cox Bay has been removed from the Closed 
Area and several anglers in the Consumption Study reported fishing only in the Cox Bay area of 
the Closed Area.) It is important to note that, in general, the fishermen with the highest 
consumption rates typically fished outside Lavaca Bay and ate mostly flounder. 

The predicted health risks associated with consumption of fish from Lavaca Bay, as well as 
all bays, using the average consumption rate and reasonable maximum exposure (RME) 
consumption rates were presented in the Proposed Plan. Potential health risks were estimated for 
four different exposure groups. Using both the average and RME fish consumption rates, the 
potential health risks for "Lavaca Bay Fishermen", are similar to the potential health risks for 
"All Fishermen". The predicted risk for "Lavaca Bay Closed Area Fishermen" and "Closed 
Area Fishermen" are approximately twice as high as the potential risk for a Lavaca Bay 
Fishermen or All Fishermen. Therefore, the predicted unacceptable health risk from consuming 
fish and shellfish associated with releases from the Alcoa Point Comfort operations is focused 
generally within the Closed Area of Lavaca Bay. Additionally, based on the average 
consumption rate (which is similar to the recommended fish consumption rate of 24 grams/day 
presented in EPA's fish consumption advisory), the predicted unacceptable risks are generally 
restricted to exposure scenarios where a receptor consumes fish and shellfish from the current 
fish closure area. 

Ecological Risk Assessment 

Potential risks to ecological receptors were also evaluated in the BLRA. The BLRA 
represents the final level of the ecological risk assessment process. The process began with a 
screening assessment . The preliminary screening identified a number of CO PCs at different 
sites. After the COPCs were identified, problem formulation documents were developed for 
several priority chemicals (lead, PAHs, inorganic mercmy and methylmercury). Problem 
fommlation ended in identifying site-specific assessment endpoints and measurement endpoints 
for further evaluation in the BLRA. Assessment endpoints evaluated for each priority chemical 
in the BLRA were identified by considering a combination of factors, including site ecology, 
exposure potential, and chemical sensitivities. 

Lavaca Bay: 
The COPCs in Lavaca Bay include inorganic mercury, methylmercury, and PAHs. The 

ecological evaluation for Lavaca Bay included a variety of endpoints, including benthos, 
zooplankton, birds, and fish. The pathways and COPCs for exposure included direct contact 
with mercury and P AHs in sediments for benthos, indirect contact with chemicals detected in 
ground water that may be transported to Lavaca Bay, direct contact with mercury in surface 
water for zooplankton, direct contact with mercury in sediments for larvae stages of fish, and 
bioaccumulation/biomagnification of methylmercury and ingestion of contaminated prey for fish 
and birds. The assessment and measurement endpoints are presented below. 
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RECEPTORS FOR LAVACA BAY ASSESSMENT ENDPOINTS 

ASSESSMENT ENDPOINT COPC(s) SITE-SPECIFIC RECEPTOR(S) 
Benthos 

Inorganic and Methyl Mercury Polychaete and Amphipod 
LP AHs and HP AHs 

Vertebrate carnivore (fish) Methyl Mercury Red Dmm and Black Dmm 

Zooplankton Methyl Mercury Copepods 

Vertebrate carnivore (bird) Inorganic and Methyl Mercury Willet 

Vertebrate carnivore (bird) Methyl Mercury Forster's Tern and 
Tricolored Heron 

Fish/Shellfish Embryo/Larval Life Inorganic Mercury Red Dmm, Black Dmm, and 
Stage Oyster 

LAVACA BAY MEASUREMENT ENDPOINTS FOR MERCURY AND PAHs 

ASSESSMENT 
MEASUREMENT ENDPOINT(S) 

ENDPOINT(S) 
Benthos Measured and compared inorganic mercury, methyl mercury, and P AH concentrations in 

Bay System sediment to toxicological effect concentrations for benthos. 

Measured concentrations of mercury in sediments and assessed toxicity to benthos 
through growth and/or survival bioassay with Neanthes arenaceodentata and 
Leptocheirus. Also assessed sediment toxicity of mercury to benthos by conducting a 
benthic species survey. 

Zooplankton Measured and compared methyl mercury concentrations (i.e., 95 percent UCL of the 
mean) in Lavaca Bay surface water to a chronic toxicological effect concentration for 
zooplankton. 

Fish/Shellfish Measured and compared inorganic mercury concentrations (i.e., 95 percent UCL of the 
mean) in Lavaca Bay surface water and sediment to a chronic toxicological effect 
concentration for fish egg/embryo and oyster larvae life stage. 

Vertebrate Carnivore, Measured and compared methyl mercury concentrations (i.e., 95 percent UCL of the 
fish mean) in Lavaca Bay sediment and food items to a toxicological effect level for 

carnivorous fish. 
Vertebrate Carnivore, Measured and compared inorganic and methyl mercury concentrations in Lavaca Bay 

bird (invertebrate-eating) sediment and food items to a chronic toxicological effect level for carnivorous birds. 
Vertebrate Carnivore, Measured and compared methyl mercury concentrations (i.e., 95 percent UCL of the 

bird (fish-eating) mean) in Lavaca Bay food items to a chronic toxicological effect level for carnivorous 
birds. 
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The risks for benthos were quantified for P AHs based on literature-derived toxicity reference 
values (TRVs). For mercury, risks were evaluated based on results of the Sediment Quality Triad 
(SQT) Study. The aquatic life TRVs and fish dietary TRVs are presented below. 

AQUATIC LIFE TRVs 

ANALYTE TEST ORGANISM 
TRV 

ENDPOINT REFERENCE (ppb) 

"\-Vater Column Exposures 
Methyl mercury Cladoceran (Daphnia 0.004 (NOEC) 1 Reproduction EPA, 1985d 

maRna) <0.04 (IDEC) 
Inorganic mercury Fish 0.023 (NOEC) 1 Larval Growth EPA, 1985d 

(fathead minnow) <0.23 (IDEC) 
Catfish 0.2 Emb1yo-Larval Birge et al., 1979 

Survival 
II Arsenic I Community I 1.8 I Standard I 30 TAC '307.6 

Cyanide Community 5.6 Standard 30 TAC '307.6 
Fluoride Cladoceran (Daphnia 3,706 (NOEC) Reproduction Dave, 1984 

magna) 7,412 (LOEC) 

Sediment Exposures 
Mercury Community 4,600 Growth/Survival/ SQT Report 

Species Abundance 
150 ER-L Long et al., 1995 
710 ER-M Long et al., 1995 

Oyster 590 AET PSEP, 1988 
I Benthos 12,100 I AET I PSEP, 1988 

Amphipod 2,100 AET PSEP, 1988 
LPAH Community 552 ER-L Long et al., 1995 

3,160 ER-M Long et al., 1995 
Oyster 5,200 AET PSEP, 1988 
Amphipod 24,000 AET PSEP, 1988 
Benthos 13,000 AET PSEP 1988 

HPAH Community 1,700 ER-L Long et al., 1995 

9,600 ER-M Long et al., 1995 

Oyster 17,000 AET PSEP, 1988 
Amphipod 69,000 AET PSEP, 1988 
Benthos 69,000 AET PSEP 1988 

TotalPAH Community 4,022 ER-L Long et al., 1995 

44,792 ER-M Long et al., 1995 

Estimated from LOEC using an uncertainty factor of ten. 
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Methyl mercury 

FISH DIETARY TRVs 

TEST ORGANISM 

Fish 

(rainbow trout) 

Fathead Minnow 

Killifish 

TRV 

(ppb) 
24 (NOAEL) 

25 (LOAEL) 

3.6 (NOAEL) 

11 (LOAEL) 

1.9 
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ENDPOINT 

Growth 

Mortality; 

REFERENCE 

Wobeser, 1975 

Rodgers and 

Beamish, 1982 

Rabuck et al., 

1997 

Results of the risk assessment for benthos suggest that portions of the Bay, near the Witco 
Harbor and the CAPA, have sufficient concentrations of PAHs to pose potential for localized 
impacts on benthic survival and reproduction. Concentrations of mercmy in some areas near the 
CAPA exceeded the No Observed Effect Concentration (NOEC) for benthos for mercury measured 
in the SQT Study. 

For fish, several different risk assessment techniques were used to evaluate potential risks for 
two assessment endpoints. First, a qualitative risk evaluation was conducted to determine the 
potential risks associated with early life stages of fish and shellfish from direct contact with mercury 
in sediments. Few studies and little information was available in the literature to allow 
quantification of risk from this pathway. Results of this qualitative analysis suggest that sediment 
concentrations of mercury, specifically in the areas north and east of Dredge Island, are within the 
range associated with adverse health effects, thus presenting a possible risk. Second, a risk 
evaluation of food exposure models for carnivorous fish suggest that ingestion, and 
bioaccumulation, of contaminated prey items are below levels of concern for fish species for all 
areas of Lavaca Bay. Third, an assessment of the limited critical tissue data available through the 
literature indicated that mercury tissue concentrations in Lavaca Bay fish suggest potential risk for 
behavioral and reproductive effects. The areas of Lavaca Bay with these elevated tissue levels 
correspond to those areas of concern for sediment mercury concentrations noted in the qualitative 
direct contact evaluation. 

The risks to bird populations were based on identifying representative receptors (least terns, 
heron, and willets) and quantifying a dose based on the composition of prey species in the diet. 
Results of the evaluation of potential risks to birds suggest that this dose is below levels of concern 
for all areas of Lavaca Bay. 

Plant/Mainland: 
The Plant/Mainland Areas have ve1y limited habitat for ecological receptors because the Alcoa 

facility has been developed for industrial uses and will continue to be used for industrial purposes in 
the future. However, there is potential for ecological exposure at some the PSAs and sections of the 
Plant/Mainland were grouped into several larger exposure areas. The groupings are based on 
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SECTION 7 - SlJMMARY OF SITE RISKS 

similar habitat types and the proximity of the habitats to one another. The Plant/Mainland Areas and 
associated COPCs evaluated in the problem fonnulation are shown below. 

ECOLOGICAL RISK ASSESSMENT CO PCs 

PSA/Habitat Area COPCs IN SOIL 

CAPA Mercury, Selenium 

West Habitat Area Mercmy, Selenium, HP AH 

Mainland Shoreline #3 Mercury 

North Habitat Area Antimony, Copper, Lead, Selenium 

CF Bean Property Antimony, Arsenic, Copper, Lead, Nickel, Selenium 

East Habitat Area Antimony, Copper, Lead, Selenium, HP AH 

HP AH: High Molecular Weight Polynuclear Aromatic Hydrocarbons include pyrene, clnysene, benzo( a )pyrene, 
benzo( a)anthracene, benzo(b )fluoranthene, benzo(k)fluoranthene, dibenzo( a,h)anthracene, indeno(l ,2,3-cd)pyrene, and 
benzo(g,h,i)perylene 

Surficial soil data were compared to ecological risk-based values for several assessment 
endpoints, including wildlife, plants, and detritivores (an organism that eats dead, decaying plant 
material). Several groups of PSAs with similar habitats were grouped into Habitat Areas and 
evaluated in the BLRA. The assessment endpoints and measurement endpoints are presented below. 

IDENTIFICATION OF RECEPTORS, HABITAT, AND EXPOSURE 
PATHWAYS FOR THE TERRESTRIAL SYSTEM 

RECEPTOR 

II 

Plants 

Earthwom1 

Scissor-Tailed 
Flycatcher 

ASSESSMENT 
ENDPOINT(S) 

Herbaceous/ Woody 
Vegetation 

Detritivore 

First-Order 
Carnivore 

COPC(S) 

Other Metals 

Mercury, Other 
Metals 

Mercury, Other 
Metals, HP AHs 

EXPOSURE 
PATHWAY(S) 

Direct Contact 

Soil Contact, Soil 
Ingestion 

Food-Chain Exposure 
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SECTION 7 - SlJMMARY OF SITE RISKS 

Cattle Egret First-Order Mercury Food-Chain Exposure High Marsh 
Carnivore 

Great Homed Owl1 First-Order Mercury Food-Chain Exposure Grassland, Shrubland, 
Carnivore Woodland 

RECEPTOR 
ASSESSMENT 

COPC(S) 
EXPOSURE ASSOCIATED 

ENDPOINT(S) PATHWAY(S) HABITAT(S) 

Rice Rat1 Omnivore Mercury Direct Soil Ingestion High Marsh, Low 
Marsh 

CottonRat1 Herbivore Mercury Direct Soil Ingestion Grassland, Shmbland, 
Woodland 

Robin First-Order Mercury, Other Food-Chain Exposure, Grassland 
Carnivore Metals, HP AHs Direct Soil Ingestion 

Shrew First-Order Mercury, Other Food-Chain Exposure, Grassland, Shmbland, 
Carnivore Metals, HP AHs Direct Soil Ingestion Woodland, High 

Marsh, Low Marsh 

1 Identified as low or negligible risk in the teITestrial data assessment. Evaluated in the BLRA at Dredge Island only. 

PLANT/MAINLAND MEASUREMENT ENDPOINTS 

ASSESSMENT 
ENDPOINT MEASUREMENT ENDPOINT 

Vegetation 
Measure and compare other metal COPC concentrations in select PSA soils to 
toxicological effect levels for plants. 

Detritivores 
Measure and compare inorganic and methyl mercury and other metal COPC concentrations 
in selected PSA soils to chronic toxicological effect concentration for detritivores. 
Measure and compare inorganic and methyl mercury, HP AH and other metal COPC 

Vertebrate Carnivores concentrations in selected PSA soils to a chronic toxicological effect level for carnivorous 
birds and mammals. 

At the Plant/Mainland, potential risks were predicted to plants and detritivores in the CF Bean 
Property and Mainland Shoreline #3. The risk assessment for wildlife suggested that there is 
probable risk to small mammals from exposure to copper at the CF Bean Property, and high
molecular-weight PAHs (HPAHs)8 at Witco, as well as possible risks to small mammals and birds 
from exposure to HPAHs at the West Habitat Area and from exposure to HPAHs at the Witco 
Areas. An assessment of potential risks from mercury to ecological receptors on Dredge Island 
suggests that residual levels of mercury in soil remaining after the removal action will be below 
levels likely to pose risk to terrestrial wildlife or aquatic wildlife species. Potential risk is predicted 
for detritivores exposed to mercury concentrations remaining on Dredge Island. However, these 

8 P AHs are composed of carbon and hydrogen atoms arranged in the form of two or more aromatic 
(benzene) rings. HP A Hs contain four or more rings. 
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risks must be considered in relation to the industrial nature of the developed portions of the Island 
and the environmental values appropriate for this type of use. 

CAPA Focused Investigation: 
Inorganic mercury and selenium were evaluated as CO PCs for the shrew and robin at the 

CAP A Development at CAP A has resulted in non-suitable cover and foraging habitat, but it is 
recognized that limited infrequent exposure can occur in the CAP A Therefore, the ecological 
assessment evaluated the potential for adverse effects from short-term exposures. The HQs for 
mercury or selenium did not exceed a value of 1 and, thus, no risk is predicted for birds or 
mammals. 

Plant/Mainland Ground Water Investigation: 
Ground water at the eastern perimeter was screened against ecological data. Measured 

concentrations of arsenic, cyanide, and fluoride in a well (PE06A) located on the eastern perimeter 
boundary exceeded ecological screening criteria. The potential for significant concentrations of 
arsenic, cyanide, and fluoride migrating to a point of ecological exposure in Cox Marsh was 
modeled in the RI. The expected ecological exposure concentrations of these compounds (Fluoride-
2.15 mg/L, Arsenic-0.03 mg/L, and Cyanide-0.002 mg/L) at the point of discharge into surface 
water are below ecological risk-based screening criteria. The ecological risk-based screening values 
for fluoride, arsenic, and cyanide are 3.7 mg/L, 0.078 mg/L, and 0.0056 mg/L, respectively. 

Ground water at the Cametco/Municipal Landfill was screened against ecological data. 
Measured concentrations of aluminum, arsenic, cyanide, and fluoride in a monitoring well exceeded 
ecological screening criteria. The potential for significant concentrations of aluminum, arsenic, 
cyanide, and fluoride migrating to a point of ecological exposure in Lavaca Bay was modeled in the 
RI. The expected ecological exposure concentrations of these compounds (Fluoride-1.3 mg/L, 
Arsenic-0.004 mg/L, and Cyanide-0.001 mg/L) are below ecological risk-based screening criteria. 
The ecological risk-based screening values for fluoride, arsenic, and cyanide are 3.7 mg/L, 0.078 
mg/L, and 0.0056 mg/L, respectively. Due to the high sorptive capacity of soil, aluminum is not 
expected to be transported in Zone A ground water to Lavaca Bay. 

Basis for Action 

The risk assessment showed the following potential noncarcinogenic hazard indices greater 
than one, cumulative excess carcinogenic risks exceeding 1 x 10-4

, and environmental impacts: 1) 
noncarcinogenic risk to a future industrial worker, future construction worker, and current 
maintenance worker exposed to mercury-contaminated soils within the footprint of the R-300 
building; 2) noncarcinogenic risk to a woman of childbearing age consuming fish from within 
Lavaca Bay and the Closed Area of Lavaca Bay; 3) carcinogenic risk to a future industrial worker in 
the Witco Area; and 4) ecological impacts. It is the EPA's cmTentjudgment that the Selected 
Remedy identified in this Record of Decision is necessary to protect the public health or welfare or 
the environment from actual or threatened releases of hazardous substances into the enviromnent. 
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Table 7-1 

Summary of PSAs and CO PCs Evaluated in the Human Health Risk Assessment 

PSA 

Enron Tanks 

Witco 

CF Bean Property 

Mainland Shoreline 
#3 

Smelter 

Fire Training Area 

Exxon Station 

CAPA 

Construction Deb1is 
Landfill 

Waste Oil 
Management Area 

AREA 

Dredge Island 

WELL 

PN03A 

AREA 

Lavaca Bay 

AREA 

Lavaca Bay 

COPCs In Soils 

Acenaphthene, Anthracene, Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, 
Benzo(k)fluoranthene, Chrysene, Dibenz(a,h)anthracene, Fluorene, Indeno(l,2,3-cd)pyrene, 
Naphthalene 

Anthracene, Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, 
Benzo(k)fluoranthene, Chrysene, Dibenz(a,h)anthracene, Indeno(l,2,3-cd)pyrene, Vinyl 
Chloride 

Benzo( a)anthracene, Benzo( a )pyrene, Benzo(b )fluoranthene, Dibenz( a,h)anthracene, 
Indeno(l ,2,3-cd)pyrene 

Benzo( a )anthracene, Benzo(a)pyrene, Benzo(b )fluoranthene, Benzo(k)fluoranthene, 
Chrysene, Dibenz(a,h)anthracene, Indeno(l ,2,3-cd)pyrene 

Benzo( a )anthracene, Benzo(a)pyrene, Benzo(b )fluoranthene, Benzo(k)fluoranthene, 
Chrysene, Dibenz(a,h)anthracene, Indeno(l,2,3-cd)pyrene, PCBs 

Benzo( a )pyrene 

Benzo( a )pyrene 

Mercury, Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b )fluoranthene, 
Dibenz(a,h)anthracene, PCBs 

Benzo(a )pyrene, Benzo(b )fluoranthene, Dibenz( a,h)anthracene, Indeno(l ,2,3-cd)pyrene 

PCBs 

COPCs in Soil 

Inorganic Mercury 

COPCs in Ground Water 

Arsenic and Fluoride 

COPCs in Fish Tissue 

Methylmercury 

COPCs In Sediment 

Inorganic mercury, methylmercury, acenapthene, acenaphthylene, anthracene, 
benzo(a )anthracene, benzo( a )pyrene, benzo(b )fluoranthene, benzo(k)fluoranthene, 
benzo(g,h,i)pyrelene, chrysene, dibenz( a,h)anthracene, indeno(l ,2,3-cd)pyrene, fluoranthene, 
fluorene, naphthalene, phenanthrene, pyrene 
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Table 7-2 

Ecological Risk Assessment COPCs 

PSA/Habitat Area COPCs In Soil 

CAPA Mercmy, Selenium 

West Habitat Area Mercury, Selenium, HP AH 

Mainland Shoreline #3 Mercury 

North Habitat Area Antimony, Copper, Lead, Selenium 

CF Bean Property Antimony, Arsenic, Copper, Lead, Nickel, Selenium 

East Habitat Area Antimony, Copper, Lead, Selenium, HPAH 

AREA COPCs IN WATER, SEDIMENT, A1'"D BIOTA 

Lavaca Bay Methylmercury, inorganic mercury, P AHs 

HPAH: High Molecular Weight Polynuclear Aromatic Hydrocarbons include pyrene, chrysene, 
benzo( a )pyrene, benzo( a )anthracene, benzo(b )fluoranthene, benzo(k )fluoranthene, 
dibenzo(a,h)anthracene, indeno(l ,2,3-cd)pyrene, and benzo(g,h,i)pe1ylene 
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Table 7-3 
Summary of Chemicals of Concern and 

Medium-Specific Exposure Point Concentrations 

Scenario Timeframe: Current 
Medium: Soil 
Exposure Medium: Soil 

Chemical of Potential Concentration Frequency Exposure Exposure Statistical 

Exposure Point Concern Detected Units of Detection Point Point Measure 
Concentration Concentration 

Min Max Units 

Waste Oil Management Area 

Soil: I PCB-1248 I 0.10 I'~ ppm 1/3 3.34 ppm Max 

Ingestion, Dermal 
Contact, Inhalation 

Smelter Spent Potlining Storage Area 

Benzo( a )pyrene 0.315 0.315 ppm 1/3 0.315 ppm Max 

Benzo(b )fluoranthene 0.064 0.570 ppm 3/3 0.570 ppm Max 

Dibenz(a,h)anthracene - 0.043 ppm 010 0.043 ppm '12 Sample DL 

I lndeno(1,2,3-cd)pyrene I 0.166 I 0.166 I ppm I 1/3 I 0.166 I ppm I Max I 
Enron Tanks 

Acenaphthene - 0.047 ppm 013 0.047 ppm '12 Sample DL 

Anthracene 0.818 167.00 ppm 2/3 167.00 ppm Max 

Benzo( a )anthracene 0.035 0.269 ppm 213 0.269 ppm Max 

Benzo( a )pyrene 0.032 0.164 ppm 2/3 0.164 ppm Max 

Benzo(b )fluoranthene 0.029 0.417 ppm 2/3 0.417 ppm Max 

I Benzo(k)fluoranthene I -- I 0.096 I ppm I 0/3 I 0.096 I ppm I '12 Sample DL I 
Chrysene 0.040 0.579 ppm 2/3 0.579 ppm Max 

Dibenz(a,h)anthracene -- 0.096 ppm 0/3 0.096 ppm '12 Sample DL 

Fluorene 2.590 2.590 ppm 1/3 2.590 ppm Max 

lndeno(1,2,3-cd)pyrene 0.101 0.101 ppm 1/3 0.101 ppm Max 

Naphthalene 0.599 0.599 ppm 1/3 0.599 ppm Max 

Fire Training Area 

I Benzo( a )pyrene I 0.055 I 0.436 I ppm I 2/3 I 0.436 I ppm I Max I 

Exxon Station 

I Benzo( a )pyrene I 0.196 I 0.658 ppm '12 0.658 ppm Max 
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Chemical of Potential Concentration Frequency Exposure Exposure Statistical 

Exposure Point Concern Detected Units of Detection Point Point Measure 
Concentration Concentration 

Min Max Units 

CF Bean Property 

Benzo( a )anthracene 0.217 2.700 ppm 4/4 2.700 ppm Max 

Benzo( a )pyrene 0.175 2.030 ppm 4.4 2.030 ppm Max 

Benzo(b )fluoranthene 0.230 2.230 ppm 4/4 2.230 ppm Max 

Dibenz(a,h)anthracene 0.040 0.435 ppm 3/4 0.435 ppm Max 

lndeno(1,2,3-cd)pyrene 0.112 1.400 ppm 4/4 1.400 ppm Max 

Mainland Shoreline #3 

I Benzo( a )anthracene I 16.300 I 25.300 I ppm I 3/3 I 25.300 I ppm I Max I 
Benzo( a )pyrene 20.800 33.000 ppm 3/3 33.000 ppm Max 

Benzo(b )fluoranthene 19.200 30.000 ppm 3/3 30.000 ppm Max 

Benzo(k)fluoranthene 15.000 21.500 ppm 3/3 21.500 ppm Max 

Chrysene 20.000 30.400 ppm 3/3 30.400 ppm Max 

Dibenz(a,h)anthracene 4.530 7.030 ppm 3/3 7.030 ppm Max 

lndeno(1,2,3-cd)pyrene 12.100 18.800 ppm 3/3 18.800 ppm Max 

Construction Debris Landfill 

Benzo( a )pyrene 0.059 1.810 ppm 3/3 1.810 ppm Max 

Benzo(b )fluoranthene 0.080 3.120 ppm 3/3 3.120 ppm Max 

Dibenz(a,h)anthracene 0.140 0.754 ppm 1/3 0.754 ppm Max 

lndeno(1,2,3-cd)pyrene 0.038 2.030 ppm 3/3 2.030 ppm Max 

CAPA - Outside Building R-300 

I Mercury I I 93 ppm 95% UCL 

I Benzo( a )anthracene I I I I I 2.9 I ppm I 95% UCL I 
Benzo( a )pyrene 3.3 ppm 95% UCL 

Benzo(b )fluoranthene 4.6 ppm 95% UCL 

Dibenzo(a,h)anthracene 0.24 ppm 95% UCL 

PCBs 1.2 ppm 95% UCL 

CAPA - Within Footprint of Building R-300 

I 
Mercury - gravimetric 

I I 
39,000 ppm 95% UCL 

data 
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Chemical of Potential Concentration Frequency Exposure Exposure Statistical 

Exposure Point Concern Detected Units of Detection Point Point Measure 
Concentration Concentration 

Min Max Units 

Benzo( a )anthracene 3.5 ppm 95% UCL 

Benzo( a )pyrene 4.9 ppm 95% UCL 

Benzo(b )fluoranthene 7.1 ppm 95% UCL 

Dibenzo(a,h)anthracene 0.316 ppm 95% UCL 

Witco Area 

Anthracene 0.030 50.900 ppm 26/28 23.66 ppm 95% UCL 

Benzo( a )anthracene 0.030 162.00 ppm 27128 69.33 ppm 95% UCL 

Benzo( a )pyrene 0.030 168.00 ppm 27128 84.48 ppm 95% UCL 

Benzo(b )fluoranthene 0.030 287.00 ppm 25128 86.16 ppm 95% UCL 

Benzo(k)fluoranthene 0.030 135.00 ppm 20128 42.46 ppm 95% UCL 

Chrysene 0.040 181.00 ppm 27128 88.04 ppm 95% UCL 

Dibenz(a,h)anthracene 0.040 39.900 ppm 20128 16.46 ppm 95% UCL 

I lndeno(1,2,3-cd)pyrene I 0.040 I 105.00 I ppm I 26/28 I 45.14 I ppm I 95% UCL I 
I Vinyl Chloride I 0.001 I 0.005 ppm 1/6 0.005 ppm Max 

Smelter Area 

I Benzo( a )anthracene I 0.040 I 35.00 ppm 21/22 20.83 ppm 95% UCL 

Benzo( a )pyrene 0.030 47.80 ppm 21/22 24.64 ppm 95% UCL 

Benzo(b )fluoranthene 0.110 81.50 ppm 22/22 35.92 ppm 95% UCL 

Benzo(k)fluoranthene 0.030 81.50 ppm 21/22 25.53 ppm 95% UCL 

I Chrysene I 0.040 I 64.00 I ppm I 21/22 I 30.56 I ppm I 95% UCL I 
Dibenz(a,h)anthracene 0.040 14.80 ppm 17/22 7.19 ppm 95% UCL 

lndeno(1,2,3-cd)pyrene 0.050 31.90 ppm 20/22 17.42 ppm 95% UCL 

PCBs 0.002 3.38 ppm 318 1.28 ppm 95% UCL 

Dredge Island 

I 
Inorganic Mercury 

I I 
ppm 0.700 ppm Removal Action 

level 
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Table 7-4 

Summary of Chemicals of Concern and 

Medium-Specific Exposure Point Concentrations - Mercury 

Scenario Timeframe: Current 

Medium: Fish/Shellfish 

Exposure Medium: Fish/Shellfish 

Exposure Point I 

~ 
Fish/Shellfish Tissue 

I 

2 

3 

Concentration Frequency Exposure Exposure Statistical 

Species Detected Units of Detection Point Point Measure 

I I 
Concentration Concentration 

Min Max Units 

Closed Area 

Red Drum 0.08 4.45 ppm 290/290 1.38 ppm 95% UCL 

Spotted Seatrout 0.18 1.49 ppm 51/51 0.58 ppm 95% UCL 

Southern Flounder 0.16 1.21 ppm 919 0.76 ppm 95% UCL 

Black Drum 0.02 3.76 ppm 274/274 0.87 ppm 95% UCL 

Other finfish species1 0.07 1.72 ppm 61/61 0.51 ppm 95% UCL 

Oysters 0.03 0.26 ppm 25/25 0.13 ppm 95% UCL 

Blue Crabs 0.03 2.54 ppm 543/543 0.50 ppm 95% UCL 

Shrimp 0.002 0.14 ppm 17/17 0.10 ppm 95% UCL 

By-catch - Finfish2 0.03 3.76 ppm 149/149 0.77 ppm 95% UCL 

By-catch - Shellfish3 0.032 2.54 ppm 543/543 0.50 ppm 95% UCL 

Open Area 

Red Drum 0.06 1.30 ppm 87/87 0.46 ppm 95% UCL 

Spotted Seatrout 0.09 0.88 ppm 29/29 0.38 ppm 95% UCL 

Southern Flounder 0.03 0.32 ppm 12/12 0.19 ppm 95% UCL 

Black Drum 0.02 1.10 ppm 104/104 0.32 ppm 95% UCL 

Other finfish species1 0.01 1.35 ppm 93/93 0.23 ppm 95% UCL 

Oysters 0.01 0.05 ppm 25/25 0.04 ppm 95% UCL 

Blue Crabs 0.03 0.52 ppm 118/118 0.19 ppm 95% UCL 

Shrimp 0.006 0.06 ppm 616 0.06 ppm Max 

By-catch - Finfish2 0.01 0.60 ppm 113/113 0.19 ppm 95% UCL 

By-catch - Shellfish" I 0.03 I 0.52 I ppm I 118/118 I 0.19 I ppm I 95% UCL 

Includes sand seatrout, gaftopsail catfish, Atlantic croaker, and sheepshead 

Finfish average 77% of by-catch consumed and concentration was weighted by species based on average consumption. 
Weights from finfish species reportedly consumed were as follows: 3.3% black drum, 84.1 % flounder, and 12.6% 
sheepshead 

Shellfish is assumed to be 100% blue crab since relatively little shrimp and no oysters were reportedly consumed as by
catch by commercial shrimpers 
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Concentration Frequency Exposure Exposure Statistical 

Exposure Point Species Detected Units of Detection Point Point Measure 
Concentration Concentration 

Min Max Units 

Other Bays 

I Red Drum I 0.06 I 0.19 ppm 616 0.19 ppm Max 

Spotted Seatrout 0.09 0.14 ppm SIS 0.14 ppm Max 

Southern Flounder 0.03 0.07 ppm 3/3 0.07 ppm Max 

Black Drum 0.02 0.60 ppm 616 0.60 ppm Max 

Other finfish species1 0.01 0.32 ppm 40/40 0.09 ppm 9S% UCL 

Oysters 0.001 0.011 ppm 22/22 0.01 ppm 95% UCL 

Blue Crabs 0.0001 0.20 ppm 13/13 0.20 ppm Max 

Shrimp 0.0001 0.01 ppm 22/22 0.01 ppm 9S% UCL 

By-catch - Finfish2 0.01 0.60 ppm 113/113 0.11 ppm 95% UCL 

By-catch - Shellfish3 0.0001 0.20 ppm 13/13 0.20 ppm Max 
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Table 7-5 

Summary of Chemicals of Concern and 

Medium-Specific Exposure Point Concentrations 

Scenario Timeframe: Current 

Medium: Surface Sediment 

Exposure Medium: Sediment 

Chemical of Potential Concentration Frequency Exposure Exposure Statistical 

Exposure Point Concern Detected Units of Detection Point Point Measure 
Concentration Concentration 

Min Max Units 

Sediment: Total Mercury 0.013 2.38 ppm 27/28 0.96 ppm 95% UCL 

Dermal Contact 

Methyl mercury 0.027 4.99 ppb 26/26 0.0032 ppm 95% UCL 

Acenapthene 0.3 1,080 ppb 15/16 1.08 ppm Max 

Acenaphthylene 0.2 272 ppb 13/16 0.27 ppm Max 

Anthracene 1.1 1,890 ppb 16/16 1.89 ppm Max 

Benzo( a )anthracene 2.2 2,760 ppb 16/16 2.76 ppm Max 

Benzo( a )pyrene 2.0 5,430 ppb 16/16 5.43 ppm Max 

I Benzo(b )fluoranthene I 3.2 I 6,460 I ppb I 16/16 I 6.46 I ppm I Max I 
Benzo(g ,h, i)perylene 1.8 3,290 ppb 16/16 3.29 ppm Max 

Benzo(k)fluoranthene 1.4 2,230 ppb 16/16 2.23 ppm Max 

Chrysene 2.2 2,990 ppb 16/16 2.99 ppm Max 

Dibenz(a,h)anthracene 0.1 796 ppb 15/16 0.80 ppm Max 

Fluoranthene 2.8 7,930 ppb 16/16 7.93 ppm Max 

Fluorene 0.2 428 ppb 15/16 0.43 ppm Max 

lndeno(1,2,3-cd)pyrene 1.5 3,830 ppb 16/16 3.83 ppm Max 

Naphthalene 0.4 114 ppb 15/16 0.11 ppm Max 

Phenanthrene 1.0 3,310 ppb 15/16 3.31 ppm Max 

Pyrene 2.6 5,970 ppb 16/16 5.97 ppm Max 

Total PAHs 22.9 40,301 ppb 40.30 ppm Max 

I Total Carcinogenic PAH I 10.4 I 21,476 I ppb I I 21.48 I ppm I Max I 
I B(a)PTEQ I 2.9 I 7,526 I ppb I I 7.53 I ppm I Max I 
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Table 7-6 

Exposure Scenarios Evaluated in the Baseline Risk Assessment 

CURRENT 

FUTURE FUTURE CURRENT TRESPASSER 

PSA INDUSTRIAL CONSTRUCTION MAINTENANCE YOUTH 

WORKER WORKER WORKER SCENARIO 

Waste Oil 
Management x x x NE 

Area 

Smelter Spent 
Potlining Storage x x x NE 

Area 

Enron Tanks x x x NE 

Fire Training Area x x x NE 

Exxon Station x x x x 
CF Bean Property x x x x 

Mainland NE x NE NE 
Shoreline #3 

Construction 

I 
NE 

I 
NE 

I 
x 

I 
NE 

I Debris Landfill 

Smelter Area x x x NE 

Witco Area x x x NE 

CAPA x x x NE 

Dredge Island NE x NE NE 

NE = Not Evaluated 
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Table 7-7 

Cancer Toxicity Data Summary 

Pathway: Ingestion, Dermal 

Chemical of Concern Oral Dermal Slope Weight of Source Date 
Cancer Cancer Factor Units Evidence/Cancer (MM/DDNYYY) 
Slope Slope Guideline 
Factor Factor Description 

Benzo(a)anthracene 7.3 E-01 (mg/kg)/day 82 IRIS 1998 

I Benzo(a)pyrene I 7.3 E-00 I (mg/kg)/day I 82 I IRIS I 1998 

Benzo(b)fluoranthene 7.3 E-01 (mg/kg)/day 82 

I 
IRIS 

I 
1998 

I Benzo(k)fiuoranthene 7.3 E-02 (mg/kg)/day 82 IRIS 1998 

I Chrysene I 7.3 E-03 I (mg/kg)/day I 82 I IRIS I 1998 

Dibenz(a,h)anthracene 7.3 E-00 (mg/kg)/day 82 

I 
IRIS 

I 
1998 

I lndeno(1,2,3-cd)pyrene 7.3 E-01 (mg/kg)/day 82 IRIS 1998 

Vinyl Chloride 1.9 I (mg/kg)/day I B2 HEAST 1997 

Pathway: Inhalation 

Chemical of Concern Unit Risk Units Inhalation Units Weight of Source 
Cancer Evidence/Cancer 
Slope Guideline 
Factor Description 

Benzo( a )anthracene 8.80E-04 µg/m3 82 IRIS 

Benzo(a)pyTene 8.80E-04 µg/m3 82 IRIS 

Benzo(b)fluoranthene 8.80E-04 µg/m3 82 IRIS 

I Benzo(k)fiuoranthene I 8.80E-04 I µg/m3 I 82 I IRIS I 
Chrysene 8.80E-04 µg/m3 82 IRIS 

Dibenz(a,h)anthracene 8.80E-04 µg/m3 82 IRIS 

lndeno(1,2,3-cd)pyrene 8.80E-04 µg/m3 82 IRIS 

Vinyl Chloride 8.40E-05 µg/m3 82 HEAST 

Key EPA Group: 
A - Human carcinogen 

IRIS: Integrated Risk Information System, U.S. EPA Bl - Probable human carcinogen - Indicates that limited human data are available 

HEAST: Health Effects Assessment Summary Tables B2- Probable human carcinogen - Indicates sufficient evidence in animals and inadequate 
or no evidence in humans 

C- Possible human carcinogen 

D- Not classifiable as a human carcinogen 

E " - Evidence of noncarcinogenicity 

This table provides carcinogenic risk information which is relevant to the contaminants of concern in soil. At this time, slope factors are not 
available for the dermal route of exposure. Thus, the dermal slope factors used in the assessment have been extrapolated from oral values. 
An adjustment factor is sometimes applied, and is dependent upon how well the chemical is absorbed via the oral route. Adjustments are 
particularly important for chemicals with less than 50% absorption via the ingestion route. However, adjustment is not necessary for the 
chemicals evaluated at this site. Therefore, the same values presented above were used as the dermal carcinogenic slope factors for these 
contaminants. 
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Table 7-8 

Non-Cancer Toxicity Data Summary 

Pathway: Ingestion, Dermal 

Chronic/ Oral RID Oral Dermal Dermal Primary Combined Sources of Dates of RID: 
Chemical of Subchronic Value RID RID RID Target llncertaintyl RID: Target Target Organ 

Concern Units Units Organ Modifying Organ (MMIDDIY\'YY) 
Factors 

Acenaphthene Chronic 6"00E-02 mg1kg-d liver -- IRIS 1998 

A.nthracene Chronic 3"00E-Ol mglkg-d no effects -- IRIS 1998 

Fluoranthene Chronic 4"00E-02 mglkg-d liver -- IRIS 1998 

Fluorene Chronic 4.ClOE-02 mg/kg-d blood -- JR[S 1998 

Naphthalene Chronic 4"00E-02 mg1kg-d weight loss --

Pyrene Chronic 3"00E-02 mglkg-d kidney -- [RIS 1998 

Methylmercury Chronic LOOE-04 mglkg-d central -- IRIS 1998 
nervous 
system/ 
fetus 

Inorganic 
Mercury 

I Pathway: Inhalation 

Acenaphthene --

Anthracene --

Fluoranthene --

Fluorene --

Naphthalene --

Pyrene --

Methylmercury --

Inorganic --
Mercury 

This table provides non-carcinogenic risk infom1ation which is relevant to the contaminants of concern in soiL 
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Table 7-9 

Risk Characterization Summary - Carcinogens 

Scenario Timeframe: Future 

Receptor Population: Industrial Worker 

Receptor Age: Adult 

Medium Exposure Exposure Chemical of Concern 
Carcinogenic Risk 

Medium Point Ingestion Inhalation Dermal Exposure 
Routes Total 

Witco Area 

Soil Soil Soil On-Site Benzo(a)anthracene 4.9E-06 3.8E-09 5.7E-07 5e-06 
Direct Contact 

Benzo(a)pyrene 5.9E-05 4.6E-09 7.0E-06 7e-05 

Benzo(b )fiuoranthene 6.0E-06 4.7E-09 7.1E-07 7e-06 

Benzo(k)fluoranthene 3.0E-07 2.3E-09 3.5E-08 3e-07 

Chrysene 6.2E-08 4.8E-09 7.3E-09 7e-08 

Dibenz(a,h)anthracene 1.2E-05 90E-10 1.4E-06 1e-05 

lndeno(1,2,3-cd)pyrene 3.2E-06 2.5E-09 3.7E-07 4e-06 

Vinyl Chloride 1.7E-09 O.OOE-0 2.5E-06 3e-06 

1e-04 

This table provides risk estimates for the significant routes of exposure. These risk estimates are based on a reasonable maximum exposure 
and were developed by taking into account various conservative assumptions about the frequency and duration of exposure to soil, as well as 
the toxicity of the COCs. 
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Table 7-10 

Risk Characterization Summary - Non-Carcinogens 

Scenario Timeframe: Current 

Receptor Population: Maintenance Worker 

Receptor Age: Adult 

Exposure Exposure Chemical Primary 
Non-Carcinogenic Hazard Quotient 

Medium 
Medium Point of Concern Target 

Organ Ingestion Inhalation Dermal Exposure 
Routes 
Total 

Chlor-Alkali Process Area - Inside Building R-300 Footprint 

Soil Soil Soil On-Site Inorganic 13.2 0.004 1.4 14.6 
Direct Mercury 
Contact 

This table provides hazard quotients (HQs) for each route of exposure and the hazard index (sum of hazard quotients) for all routes of 
exposure. The Risk Assessment Guidance (RAGS) for Superfund states that, generally, a hazard index (HI) greater than 1 indicates the 
potential for adverse noncancer effects. The estimated HI of 14.6 indicates that the potential for adverse noncancer effects could occur from 
exposure to contaminated soil containing mercury. 
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Table 7-11 

Risk Characterization Summary - Non-Carcinogens 

Scenario Timeframe: Future 

Receptor Population: Industrial Worker 

Receptor Age: Adult 

Exposure Exposure Chemical Primary 
Non-Carcinogenic Hazard Quotient 

Medium 
Medium Point of Concern Target 

Organ Ingestion Inhalation Dermal Exposure 
Routes 
Total 

Chlor-Alkali Process Area - Inside Building R-300 Footprint 

Soil Soil Soil On-Site Inorganic 63.6 0.4 3.7 67.7 
Direct Mercury 
Contact 

This table provides hazard quotients (HQs) for each route of exposure and the hazard index (sum of hazard quotients) for all routes of 
exposure. The Risk Assessment Guidance (RAGS) for Superfund states that, generally, a hazard index (HI) greater than 1 indicates the 
potential for adverse noncancer effects. The estimated HI of 67. 7 indicates that the potential for adverse noncancer effects could occur from 
exposure to contaminated soil containing mercury. 
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SECTIONS 

Remedial Action Objectives 

Remedial action objectives (RAOs) are established to support the evaluation ofremedial 
alternatives for areas with the potential for unacceptable risk as identified in the BLRA. The RA Os 
are established by specifying contaminants and media of concern, potential exposure pathways, and 
remediation goals. In evaluating the remedial options for addressing the site, RAOs are developed 
for Lavaca Bay, the CAP A and Witco. 

Lavaca Bay 
The RA Os for Lavaca Bay are to ( l) eliminate or reduce to the maximum extent practical 

mercury loading from on-going unpermitted sources to Lavaca Bay; (2) reduce to an appropriate 
level mercury in surface sediments in sensitive habitats; and (3) reduce to an appropriate level 
mercury in surface sediments in open-water that represent a pathway by which mercury may be 
introduced into the food chain. These objectives are designed to allow the reduction of mercury 
levels in fish tissue such that the overall risk throughout Lavaca Bay will approach that which would 
be present but for the historic Point Comfort Operations. The predicted health risks associated with 
consumption of fish from Lavaca Bay, as well as all bays, using the average consumption rate and 
reasonable maximum exposure (RME) consumption rates were presented in the Proposed Plan. 
Potential health risks were estimated for four different exposure groups. Using both the average and 
RME fish consumption rates, the potential health risks for "Lavaca Bay Fishermen", are similar to 
the potential health risks for "All Fishermen". The predicted risk for "Lavaca Bay and Closed Area 
Fishe1men" and "Closed Area Fishermen" are approximately twice as high as the potential risk for 
"Lavaca Bay Fishermen" or "All Fishermen". Therefore, the predicted unacceptable health risk 
from consuming fish and shellfish associated with releases from the Alcoa Point Comfort operations 
is focused generally within the Closed Area of Lavaca Bay. The ultimate result of remedial actions 
in Lavaca Bay will be the reduction of mercury in upper trophic level fish/shellfish to levels that 
would be protective of human consumption and not pose an unacceptable ecological risk. 

Even though predicted unacceptable risk may be present due to non-site related contamination, a 
remedial action at a Superfund site is to address contamination at or from the site. At the Alcoa site, 
even though there may be unacceptable risks identified for "Lavaca Bay Fishermen", the predicted 
risk is not significantly different than the predicted risk present for "All Fishermen". The general 
area around the Closed Area of Lavaca Bay is that area in which unacceptable risks from 
consumption of fish and shellfish can be attributed to past releases from Alcoa given the 
uncertainties associated with the toxicity of methylmercmy, fish consumption rates and sediment to 
biota accumulation factors. Therefore, the remedial actions to reduce or control risk to human 
health and the environment are focused within the Closed Area of Lavaca Bay and areas of Lavaca 
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Bay in the general vicinity of the current Closed Area. Regardless of the fish consumption rate used 
(RME or average), there is no change in the remedial actions proposed for the site. 

Uptake of mercury into the food chain is the result of elevated concentrations of bioavailable 
mercury in surface sediments concentrated in habitats that either are preferential for methylation 
and/or are biologically active zones (productive or preferential feeding areas for aquatic organisms). 
Based on current understanding of the dynamics of Lavaca Bay, actions have been or are being 
taken to address fully all known ongoing and unpennitted sources of mercury to the Bay that 
contribute significantly to risk. Residual contamination in sediments will thus be the remaining 
focus, with emphasis on localized areas that represent critical habitat types and/or higher 
concentrations ofbioavailable mercury in sediments. 

The RAOs for mercury in sediment have two quantitative target cleanup goals, depending on the 
location of the sediment. The target cleanup goals are: 

• For sediments in fringe marsh-type habitat, eliminate the exposure pathway that is presented by 
sediments that on average exceed 0.25 ppm mercury. 

• For sediments in open-water habitat, eliminate the exposure pathway that is presented by 
sediments that on average exceed 0.5 ppm mercury. 

Lower sediment concentration levels are recommended for fringe marsh-type habitats because 
an evaluation of the Biota Sediment Accumulation Factors (BSAF) measured during the Prey Item 
Study shows that the rate of methylmercury uptake in the critical habitats is approximately twice 
that which occurs in the open water habitat. The specific target sediment cleanup value for critical 
habitats (fringe marsh-type), 0.25 ppm mercury, is based on a weight-of-evidence evaluation of 
empirical measurements of the ratio of tissue-to-sediment concentration determined during the RI 
phase of the project and long-term tissue monitoring data. Achieving this sediment target goal in 
these areas will result in a substantial reduction of mercury entering the food chain. 

The target cleanup goal for sediments in open-water, on average, is 0.5 ppm mercmy. The focus 
of achieving this goal will be additional source reduction, which further addresses bioavailable 
sediments through sediment remedial actions. 

The ecological risk assessment concluded that no risk is predicted for fish-eating birds through 
bioaccumulation of mercmy in prey items. Also, no mortality or reproductive risks were predicted 
for carnivorous fish through bioaccumulation of methylmercury. However, potential risk was noted 
for direct contact with sediments with elevated mercury concentrations in portions of Lavaca Bay 
for early life stages of fish and shellfish. A critical tissue evaluation also noted that mercury 
concentrations found in fish (gulf killifish, red drum, and black drum) in these same areas are within 
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the range associated with behavioral, and possibly reproductive, effects. From the literature, it 
appears that for small resident fish confined to small areas of marsh, adverse behavioral and 
reproductive effects start appearing with fish muscle concentrations of approximately 0.5 ppm. For 
larger migratory fish such as red drum, levels in excess of 2 ppm mercury in fish tissue may be 
sufficient to adversely affect survival and/or reproduction. Enhanced natural recovery, one of the 
risk reduction options proposed in the FS, is expected to reduce surface sediment concentrations 
below the long-tenn remedial goals (0.25 and 0.50 mg/kg mercury). Achieving these sediment 
goals is expected to result in reductions in fish tissue levels such that there are no unacceptable risks 
to ecological receptors even for the most conservative risk estimate noted above. 

• The target sediment goal of 0.25 ppm mercury for fringe marsh-type habitat is expected to 
reduce fish tissue levels of the smaller resident species, such as noted for killifish within 
marshes in the Closed Area to the north and east of Dredge Island, below the 0.5 ppm mercury 
tissue level noted for potential behavioral effects. 

• The target sediment goals of 0.25 ppm mercury for fringe marsh-type habitat and 0.5 ppm 
mercury for open water is expected to result in mercury concentrations below the 2 ppm 
mercury concentration noted for fish tissue that relates to adverse effects in survival and 
reproduction for large predatory carnivorous fish. 

PAHs are another analyte of concern, and they exceed risk-based levels in isolated p01iions of 
the Closed Area. The RAO for P AHs is to reduce sediment concentrations below the ERM, which 
equates to 44.8 ppm total PAH. The areas where this concentration is exceeded are also areas where 
mercury is a potential concern. Reductions in PAH concentrations will be accomplished through 
remedial actions at the Witco area, mercmy sediment removal actions and natural recovery. 

To summarize, the RAO for mercury is action based as described in the Prefen-ed Remedial 
Alternative. Target sediment cleanup goals have been set based on the locations where finfish and 
shellfish data from previous sampling efforts suggests the opp011unity for mercury to enter the food 
chain is concentrated. The target sediment cleanup goal is 0.25 ppm mercury for critical habitats 
(fringe marsh-type) and 0.5 ppm mercury for open water. Although these goals were quantitatively 
developed for protection of human health, these mercury levels also will be protective of potential 
ecological receptors. 

Chlor-alkali Process Area 
The general RAO for CAPA soils is to reduce the future exposure potential of site workers (e.g., 

construction worker, general industrial worker, and maintenance worker) to mercury in soils in the 
Building R-300 vicinity. The exposure pathways considered when developing the RAOs are the 
incidental ingestion of and dermal contact with soils. The mercury concentration for soils for direct 
contact to be addressed by the RAO, described in the CAPA Data Report, is 466 mg/kg. In 
addition, the remedial action at the CAPA should address those areas of soil that exceed the TNRCC 
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commercial/industrial soil protection concentration limit for mercury (adjusted for consideration of 
occupational air standards for on-site workers) of 180 mg/kg. The RAO for CAP A soils does not 
include reducing the potential for ongoing leaching of mercury for these soils to underlying ground 
water, since control of CAP A ground water discharge to the bay will be performed as part of the 
Bay remedial action alternative. 

Witco 
The RAO for soils in the Witco Area is to reduce the future exposure potential of site workers 

(e.g., construction worker, general industrial worker, and maintenance worker) to P AHs in surficial 
soils at the Stormwater Sump and Separator Area and Former Tank Farm Area. The exposure 
pathways considered when developing the RAO are incidental ingestion of and dennal contact with 
soils. For the seven carcinogenic P AHs, the following preliminmy remediation goals are presented 
as cleanup levels for the Witco Area soils. 

Benz( a )anthracene 

Benzo( a )pyrene 

Benzo(b )fluoranthene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz( a,h )anthracene 

Indeno( 1,2,3-c,d)pyrene 

32 mg/kg 

3.2 mg/kg 

32 mg/kg 

320 mg/kg 

3200 mg/kg 

3.2 mg/kg 

32 mg/kg 
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SECTION9 

Description of Alternatives 

This section summarizes the remedial alternatives developed during the Feasibility Study (FS). 
These alternatives are analyzed in more detail in the FS, which is part of the Administrative Record. 

Under its legal authorities, EP A's primary responsibility at Superfund sites is to undetiake 
remedial actions that are protective of human health and the enviromnent. In addition, Section 121 
of CERCLA establishes several other statutory requirements and preferences, including: a 
requirement that EP A's remedial action, when complete, must comply with all federal and more 
stringent state enviromnental and facility siting standards, requirements, criteria or limitations, 
unless a waiver is invoked; a requirement that EPA select a remedial action that is cost-effective and 
that utilizes pem1anent solutions and alternative treatment technologies or resource recovery 
technologies to the maximum extent practicable; and a preference for remedies in which treatment 
which pennanently and significantly reduces the volume, toxicity or mobility of the hazardous 
substances is a principal element over remedies not involving such treatment. Response alternatives 
were developed to be consistent with these Congressional mandates. Treatment of contaminated 
sediments is not practical because of the high volume anticipated and the low concentration of 
mercury. Therefore, treatment alternatives for sediment were not generated. The remedial action 
alternatives for the Alcoa/Lavaca Bay site are as follows: 

Bay System 

RAA Bay-1: 

RAABay-2: 

RAABay-3: 

RAABay-4A: 

RAABay-4B: 

RAA Bay-5: 

No Action 

Source Control 

Source Control, Dredging, Addressing Key Biological Uptake Areas 

Source Control, Dredging, Addressing Key Biological Uptake Areas, and 
Enhanced Natural Recove1y North of Dredge Island 

Source Control, Dredging, Addressing Key Biological Uptake Areas, and 
Removal North of Dredge Island 

Extensive Removal 
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Chlor-Alka.li Process Area. Soils 

RAA CAPA-1: No Action 

RAA CAPA-2: Fencing and Institutional Controls 

RAA CAP A-3: Capping and Institutional Controls 

RAA CAP A-4: Soil Excavation, Stabilization and On-Site Disposal 

RAA CAPA-5: Soil Excavation, The1mal Desorption and On-Site Disposal 

Fonner Witco Processing Area. 

RAA Witco-1: No Action 

RAA Witco-2: Capping and Institutional Controls 

RAA Witco-3: Soil Excavation and On-Site Disposal 

Common Elements of Remedial Alternatives 

Bay System 

Three actions have already been taken or are currently underway and are common to all of the 
Bay Remedial Action Alternatives. The actions taken include the following: 

Dredge Island Stabilization and Northern Marsh Removal 
The Dredge Island stabilization project included relocating the contents of the Dredge Material 

Placement Areas (DMPAs) containing elevated levels of mercury (approximately 523,000 CY) into 
the Gypsum Placement Areas (GP As). In addition, the contairunent dikes surrounding the GP As 
were raised so they will not be ove1iopped during a severe storm (e.g., hurricane). This required 
increasing 10,700 linear feet of dike to an approximate elevation of 30 feet. The work began on 
November 1998 and was completed during the summer of2001. The estimated cost for the work 
was $38,560,000. As part of this work, the marshes on the north end of the Island were removed. A 
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final cover for the disposal areas will consist of dredged material taken from an area of Lavaca Bay 
that has mercury concentrations below human health and ecological risk-based values. 

CAPA Sediment Removal 

As part of the dredging treatability study, roughly 70,000 cubic yards of contaminated sediments 
were dredged in the channel area adjacent to the fmmer CAPA. The CAPA sediments were 
dredged hydraulically. The contractor used silt curtains that surrounded the dredge area to minimize 
impacts to the water column. The sediments were disposed at Alcoa's dredge disposal lakes 
adjacent to the bauxite residue lakes. Within the lakes, the sediment was allowed to settle out from 
the dredge slurry and the decant water was returned back to the bay. Water quality monitoring as 
well as post-dredge sediment sampling was completed during the dredging. The dredging required 
roughly 21 days to complete in August 1998. Phase II of the treatability study involved dredging 
10,000 cubic yards of sediment from a location near Dredge Island and disposing the material on 
Dredge Island. This work required 17 days to complete in January 1999. The cost to complete both 
dredging treatability studies was $1,952,000. Dredging was effective from a mass removal 
standpoint in areas with high mercury concentrations and that have the potential for sediment 
resuspension from influences such as navigational traffic. Resuspension of sediment material and 
transport off site from the dredge areas was not significant based on the results of water quality 
(turbidity and mercury concentration) monitoring. Monitoring of oyster tissue confinned that tissues 
mercury levels were well below concentrations of concern. 

CAPA Ground Water Treatment 

As part of the CAPA ground water treatability study, four ground water extraction wells were 
installed and operated to provide hydraulic control of ground water migration to the bay. Ground 
water collected from the wells is treated using an air stripper and carbon adsorption system and then 
discharged to Lavaca Bay. The system has been operating since 1998 and has been successful in 
reversing the ground water gradient in the area of CAP A. Monitoring of the treatment system 
effluent is perfom1ed on a regular basis. Surface water monitoring will be used to evaluate the 
effectiveness of the CAPA hydraulic control remedy. Extraction system and treatment capital costs 
(not including future equipment replacement costs) were approximately $175,000. 

Summary of Alternatives 

Bay System 
As described in Section 8, the RAO for Lavaca Bay is based on mercury concentrations in fish 

and shellfish that are protective for individuals who consume the fish and shellfish. In order to 
achieve acceptable levels of mercury in fish and shellfish, the remedial actions need to address the 
media that affect the biota. The RI concluded that contaminant concentrations in fish and shellfish 
tissue are influenced by a sediment-based food web. Therefore, the proposed remedial actions focus 

Alcoa (Point Comfort) I Lavaca Bay Supe1fund Site Record of Decision - December 2001 9-3 

ED_013073_00000027-00091 



SECTION 9 - DESCRIPTION OF ALTERNATIVES 

on current and future sources that contribute to continued contamination of sediments and biological 
media associated with such sediments. 

The areas targeted for potential remedial action in the Bay system were identified based on total 
mercury and P AH concentrations in surface sediments, habitat types, potential for sediment 
resuspension due to influences such as ship traffic, and observed mercmy concentrations in biota. 
Potential areas of biological uptake include the northern fringe marshes on Dredge Island, the Witco 
marsh, and the southern causeway marshes. Ongoing sources that can supply mercury to the critical 
uptake areas include the ground water discharge into Lavaca Bay from the CAP A, surface water 
runoff from Dredge Island soils, and sediments in the channel around the Witco Area and the 
CAP A. The ongoing source that can supply P AH to Lavaca Bay is the P AH DNAPL at the Witco 
Area. 

In addition, other areas with elevated surface sediment mercury concentrations have been 
identified in the Bay. These areas, if continually impacted by external ongoing sources and/or if 
disturbed, could serve as additional sources of mercury to biological uptake areas. These areas 
include the Witco Channel, areas bordering Alcoa's Industrial Channel, an area north of Dredge 
Island and an area southwest of Dredge Island. 

As discussed earlier, elemental mercury and carbon tetrachloride DNAPL are present at the base 
of the B2 sand unit at the CAPA. Although there has been substantial data collected, to date, none 
indicates that elemental mercury or carbon tetrachloride DNAPL are migrating directly into Lavaca 
Bay. Nevertheless, the presence of these constituents is a potential source of concern. Because 
elemental mercmy and carbon tetrachloride DNAPL are not currently entering Lavaca Bay, 
monitoring will be conducted to further evaluate the potential for future migration of these materials 
directly into Lavaca Bay. If it is determined that there is a completed migration pathway for 
elemental mercury and carbon tetrachloride DNAPL to enter Lavaca Bay, the DNAPL remediation 
technologies discussed in Section 2.3.5.2 of the Feasibility Study will be considered to address the 
discharge. 

Even though remedial actions are proposed as part of each alternative, mercury levels in fish and 
shellfish will not be immediately reduced. The mercury levels in fish and shellfish will decrease 
over time once the sources of mercury in Lavaca Bay have been addressed. To evaluate the 
effectiveness of the proposed remedy, long-tenn monitoring of fish, shellfish, and sediments will be 
conducted. A detailed monitoring program will be established later during design of the selected 
Bay System remedy. At a minimum, the effectiveness of the remedy will be evaluated once eve1y 
five years. Generally, the monitoring program will discuss anticipated ranges and timeframes for 
decreases of mercury-tissue levels in fish and shellfish and mercury concentrations in surface 
sediments. For fish and shellfish, sh011er-term quantitative goals will be developed during the 
remedial design to help measure progress towards the ultimate remedial objectives. The shorter
term quantitative goals will describe a range of concentration levels in fish and shellfish and time 
intervals over which recovery should occur, taking into account variability and uncertainty in 
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parameters that could affect recovery rates. Trend analysis will be utilized to evaluate the 
reductions of mercury in fish and shellfish over time. If the anticipated reductions of mercury in 
fish/shellfish and/or sediments are not achieved within the anticipated timeframe, an evaluation of 
the remedy effectiveness will be undertaken. 

For a period of time after remedial actions are completed in Lavaca Bay, the levels of mercury 
in fish and shellfish within the TDH fish closure area will continue to be at levels that present a 
potentially unacceptable risk for people who consume the fish and shellfish. For this reason, the 
current TDH closure order will continue in effect as an institutional control to manage this exposure. 

RAA Bay -1: No Action 

Estimated Capital Cost: $ 0 

Estimated Annual 0 & M Costs: $ 0 

Estimated Present Worth: $ 0 

The no action alternative is retained to serve as a baseline against which other alternatives are 
evaluated. This alternative assumes that there will be no further removal, remedial, or institutional 
activities perf01med to address the bay sediments or ongoing sources. Current institutional controls 
that would continue to be implemented include the Texas Department of Health's closure of waters 
for the consumption of finfish and shellfish. 

The remaining alternatives rely for protectiveness in part upon work already completed or 
presently ongoing. The three actions already undertaken are described above. 

RAA Bay -2 - Source Control 

Estimated Capital Cost: $ 1,300,000 

Er;timated Annual 0 & M Costs: $ 250,000 

E<>timated Present Worth: 

Implementation Time: 

$ 4,900,000 

6 months 

This alternative addresses and controls the ongoing sources to the bay and includes the 
following actions: l) extraction and treatment of CAPA ground water; and 2) installation of a 
DNAPL collection trench and sheet piling vertical banier at the Witco Area. Mercury
contaminated ground water beneath the CAPA would be hydraulically controlled by a series of 
extraction wells installed during the ground water treatability study. West of the f01mer Witco Tank 
Farm Area, a collection trench would be installed for the purpose of intercepting PAH DNAPL 
potentially migrating to Lavaca Bay. The actual lengths, paths, and configurations of the collection 
trench and sheet piling barrier systems would be refined during the remedial design. Areas of 
Lavaca Bay impacted by elevated mercury levels that are not actively remediated, are expected to 
recover with time to acceptable levels due to natural recovery of the sediments through 
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sedimentation. The areas of Lavaca Bay not addressed as paii of the remedial alternative include 
the Witco marshes, southeastern causeway marshes, Witco Channel, areas bordering Alcoa's 
Industrial Channel, the area north of Dredge Island and the area southwest of Dredge Island. This 
alternative controls and eliminates the ongoing sources of P AH contamination to Lavaca Bay by 
implementing remedial actions in the Witco area. Areas of the bay that currently have elevated 
P AH levels are expected to naturally recover to acceptable levels once the upland sources have been 
eliminated. Long-tenn monitoring of the sediment and fish would be required to confirm the 
reduction of mercury in fish tissue such that the overall risk throughout Lavaca Bay will approach 
that which would be present but for the historic Point Comfort operations. The ultimate result of 
remedial actions in Lavaca Bay will be the reduction of mercury in upper trophic fish/shellfish to 
levels that would be protective for human consumption and not pose an unacceptable ecological 
risk. For a period of time after remedial actions are completed in Lavaca Bay, the levels of mercury 
in fish and shellfish within the TDH fish closure area will remain at levels that present a potentially 
unacceptable risk for people who consume the fish and shellfish. The current TDH closure order 
will continue in effect as an institutional control to manage this exposure. 

RAA Bay -3: Source Control, Dredging and Key Biological Uptake Area Response 

E<>timated Capital Cost: $ 6,400,000 

Estimated Annual 0 & M Costs: $ 250,000 

Estimated Present Worth: 

Implementation Time: 

$ 9,900,000 

6 months 

This alternative would include dredging the Witco channel and active remediation in the Witco 
marsh in addition to the activities proposed in RAA Bay-2. A total of about 200,000 cubic yards of 
sediments would be dredged from the Witco channel over a period of approximately six months. 
Dredged sediments would be placed and confined within the stabilized Dredge Island. Dredged 
sediments will not be stabilized or treated prior to disposal. Remediation of the Witco marsh would 
consist of either dredging or filling the marsh. The cost estimate presented above is based on filling 
the Witco Marsh. The cost would rise by approximately $200,000 ifthe Witco Marsh is dredged. If 
the Witco marsh were filled, first a benn along the perimeter of the marsh would be constmcted and 
then clean sediment or fill would be placed behind the berm. Approximately 63,000 cubic yards of 
sediments would be removed if the Witco marsh were dredged. This alternative controls and 
eliminates the ongoing sources of PAH contamination to Lavaca Bay by implementing upland 
remedial actions in the Witco area. Dredging of the Witco Channel will address some areas of the 
bay that currently have elevated P AH levels. Other areas in the bay that have elevated P AH levels 
are expected to naturally recover to acceptable levels once the upland sources have been eliminated. 
Areas of concern in Lavaca Bay impacted by elevated mercury levels that are not actively 
remediated, are expected to recover with time to acceptable levels due to natural recovery of the 
sediments through sedimentation. The areas of Lavaca Bay not addressed as part of the remedial 
alternative include the southern causeway marshes, areas bordering Alcoa's Industrial Channel, the 
area n011h of Dredge Island and the area southwest of Dredge Island. Long-term monitoring of the 
sediment and fish would be required to monitor the reduction of mercury in fish tissue such that the 
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overall risk throughout Lavaca Bay will approach that which would be present but for the historic 
Point Comfort operations. The ultimate result of remedial actions in Lavaca Bay will be the 
reduction of mercury in upper trophic fish/shellfish to levels that would be protective for human 
consumption and not pose an unacceptable ecological risk. For a period of time after remedial 
actions are completed in Lavaca Bay, the levels of mercmy in fish and shellfish within the TDH fish 
closure area will remain at levels that present a potentially unacceptable risk for people who 
consume the fish and shellfish. The current TDH closure order will continue in effect as an 
institutional control to manage this exposure. 

RAA Bay - 4A: Source Control, Dredging, Kev Biological Area Response, and Enhanced 
Natural Recovery North of Dredge Island 

Estimated Capital Cost: $ 8,400,000 

Estimated Annual 0 & M Costs: $ 250,000 

Estimated Present Worth: 

Implementation Time: 

$ 12, 000, 000 

12 months 

In addition to the activities proposed for RAA Bay-2 and RAA Bay-3, alternative 4A includes 
enhanced natural recovery of the area north of Dredge Island. The area north of Dredge Island 
would receive a thin cap over the entire area to enhance the natural recovery process currently 
occurring in the bay. Approximately 75,000 to 145,000 cubic yards of capping material would be 
required for the area north of Dredge Island. The placement of a thin layer cap would require 4 to 8 
months to be completed. Dredged sediments will not be stabilized or treated prior to disposal. The 
cost estimate presented above is based on filling the Witco Marsh. The cost would rise by 
approximately $200,000 if the Witco Marsh is dredged. This alternative controls and eliminates the 
ongoing sources of PAH contamination to Lavaca Bay by implementing upland remedial actions in 
the Witco area. Dredging of the Witco Channel will address some areas of the bay that currently 
have elevated P AH levels. Other areas in the bay that have elevated P AH levels are expected to 
naturally recover to acceptable levels once the upland sources have been eliminated. Areas of 
concern in Lavaca Bay impacted by elevated mercury levels that are not actively remediated, are 
expected to recover with time to acceptable levels due to natural recovery of the sediments through 
sedimentation. The areas of Lavaca Bay not addressed as part of the remedial alternative include 
the southern causeway marshes, areas bordering Alcoa's Industrial Channel, and the area southwest 
of Dredge Island. Long-term monitoring of sediment and fish would be required to monitor the 
reduction of mercury in fish tissue such that the overall risk throughout Lavaca Bay will approach 
that which would be present but for the historic Point Comfort operations. The ultimate result of 
remedial actions in Lavaca Bay will be the reduction of mercury in upper trophic fish/shellfish to 
levels that would be protective for human consumption and not pose an unacceptable ecological 
risk. For a period of time after remedial actions are completed in Lavaca Bay, the levels of mercury 
in fish and shellfish within the TDH fish closure area will remain at levels that present a potentially 
unacceptable risk for people who consume the fish and shellfish. The current TDH closure order 
will continue in effect as an institutional control to manage this exposure. 
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RAA Bay- 4B: Source Control, Dredging, Address Key Biological Area, and Removal North 
of Dredge Island 

Er;timated Capital Cost: $ 16, 100, 000 

E<>timated Annual 0 & M Costs: $ 250,000 

Estimated Present Worth: 

Implementation Time: 

$ 19, 600, 000 

12 months 

RAA Bay-4B would include dredging the open water area north of Dredge Island, in addition to 
the activities proposed for RAA Bay-2 and RAA Bay-3. Approximately 583,000 cubic yards of 
dredge material would be removed from this area and would require 12 to 15 months to complete. 
Dredged sediments would be placed and confined within the stabilized Dredge Island. Dredged 
sediments will not be stabilized or treated prior to disposal. The cost estimate presented above is 
based on filling the Witco Marsh. The cost would rise by approximately $200,000 ifthe Witco 
Marsh is dredged. This alternative controls and eliminates the ongoing sources of P AH 
contamination to Lavaca Bay by implementing upland remedial actions in the Witco area. Dredging 
of the Witco Channel will address some areas of the bay that currently have elevated PAH levels. 
Other areas in the bay that have elevated P AH levels are expected to naturally recover to acceptable 
levels once the upland sources have been eliminated. Areas of concern in Lavaca Bay impacted by 
elevated mercury levels that are not actively remediated, are expected to recover with time to 
acceptable levels due to natural recovery of the sediments through sedimentation. The areas of 
Lavaca Bay not addressed as part of the remedial alternative include the southern causeway 
marshes, areas bordering Alcoa's Industrial Channel, and the area southwest of Dredge Island. 
Long-term monitoring of sediment and fish would be required to monitor the reduction of mercury 
in fish tissue such that the overall risk throughout Lavaca Bay will approach that which would be 
present but for the historic Point Comfort operations. The ultimate result of remedial actions in 
Lavaca Bay will be the reduction of mercury in upper trophic fish/shellfish to levels that would be 
protective for human consumption and not pose an unacceptable ecological risk. For a period of 
time after remedial actions are completed in Lavaca Bay, the levels of mercury in fish and shellfish 
within the TDH fish closure area will remain at levels that present a potentially unacceptable risk for 
people who consume the fish and shellfish. The current TDH closure order will continue in effect 
as an institutional control to manage this exposure. 

RAA Bay - 5: Extensive Removal 

Er;timated Capital Cost: $ 29,500,000 

Estimated Annual 0 & M Costs: $ 250,000 

Estimated Present Worth: 

Implementation Time: 

$ 33,100,000 

24 months 

This alternative would include enhanced natural recove1y in the area southwest of Dredge 
Island, removal of the Witco marsh and southern marshes, as well as dredging of the areas bordering 
the channel, the open water area north of Dredge Island, and the Witco channel. Approximately 
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783,200 cubic yards of sediments would be removed during the dredging of the open water area 
north of Dredge Island and the Witco Channel. An additional 164,000 cubic yards of sediments 
would be removed from the Witco and southern Causeway marshes. Dredging of the marshes 
would require approximately 1 to 2 years to complete. The areas bordering the channel contain 
moderately contaminated surface sediments and higher levels of contamination at depth. Roughly 
400,000 cubic yards of contaminated sediments would be removed from the areas bordering the 
channel. Dredging of the areas bordering the channel would require roughly six months to two 
years to complete. Dredged sediments would be placed and confined within the stabilized Dredge 
Island. Dredged sediments will not be stabilized or treated prior to disposal. The cost estimate 
presented above is based on filling the Witco Marsh. The cost would rise by approximately 
$200,000 ifthe Witco Marsh is dredged. The area southwest of Dredge Island would receive a thin 
(6-inch-thick) cap over the entire area to enhance the natural recovery process currently occurring in 
the Bay. Placement of approximately 265,000 cubic yards of capping material southwest of Dredge 
Island would require roughly 7 to 14 months to be completed. RAA Bay-5 addresses three 
methylmercmy bioaccumulation areas (Witco, Northern Fringe, and Southeastern Causeway 
marshes) by removing them. Three areas of Lavaca Bay with elevated surface sediment mercury 
concentrations are addressed (removal of areas bordering the industrial channel, open water areas 
north of Dredge Island, and enhanced natural recovery of an area southwest of Dredge Island). This 
alternative controls and eliminates the ongoing sources of P AH contamination to Lavaca Bay by 
implementing upland remedial actions in the Witco area. Dredging of the Witco Channel will 
address some areas of the bay that currently have elevated PAH levels. Other areas in the bay that 
have elevated P AH levels are expected to naturally recover to acceptable levels once the upland 
sources have been eliminated. Long-tenn monitoring of sediment and fish would be required to 
monitor the reduction of mercury in fish tissue such that the overall risk throughout Lavaca Bay will 
approach that which would be present but for the historic Point Comfort operations. The ultimate 
result of remedial actions in Lavaca Bay will be the reduction of mercury in upper trophic 
fish/shellfish to levels that would be protective for human consumption and not pose an 
unacceptable ecological risk. For a period ohime after remedial actions are completed in Lavaca 
Bay, the levels of mercury in fish and shellfish within the TDH fish closure area will remain at 
levels that present a potentially unacceptable risk for people who consume the fish and shellfish. 
The current TDH closure order will continue in effect as an institutional control to manage this 
exposure. 

Chlor-alkali Process Area Soils 
The soil samples with mercury concentrations exceeding the screening values were generally 

associated with the process features such as trenches and sumps and foundation joints. The lateral 
extent of the area to be addressed is approximately 1.5 acres. The primary potential receptor for 
exposure to subsurface soils is the future construction worker and the maximum depth of exposure 
is 15 feet. Using this depth to define the vertical extent of soils to be addressed, the soil remediation 
volume is approximately 32,000 cubic yards. 
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RAA CAPA-1: No Action 

Er;timated Capital Cost: $ 0 

E<>timated Annual 0 & M Costs: $ 0 

Estimated Present Worth: $ 0 

Implementation Time: 

SECTION 9 - DESCRIPTION OF ALTERNATIVES 

The no action alternative is retained to serve as a baseline against which other alternatives are 
evaluated. This alternative assumes that there will be no fm1her removal, remedial, institutional 
activities perfonned to address CAP A soils 

RAA CAPA -2: Fencing and Institutional Controls 

Estimated Capital Cost: $ 39,000 

Estimated Annual 0 & M Costs: $ 0 

Er;timated Present Worth: 

Implementation Time: 

$ 39,000 

2 months 

Under this alternative, site worker access to the Building R-300 and the area immediately west 
of the building would be restricted, and this area would be isolated by construction of a perimeter 
fence. The area could be available for use by the plant in the future, provided an appropriate 
industrial hygiene and worker safety program were developed. The Building R-300 area would be 
deed recorded as containing soils with elevated mercury concentrations. 

RAA CAPA -3: Capping and Institutional Controls 

Estimated Capital Cost: $ 232,000 

Estimated Annual 0 & M Costs: $ 0 

Er;timated Present Worth: 

Implementation Time: 

$ 232,000 

6 months 

Alternative 3 uses capping and institutional controls to meet the remedial action objective. In 
this alternative, the walls and roof of Building R-300 would be demolished, and the building slab 
and the area immediately west of Building R-300 would be capped with a clay sublayer covered by 
crushed rock. Excavation of any soils below or immediately west of Building R-300 would only be 
pennitted after a worker safety program was developed. The Building R-300 area would be deed 
recorded as containing soils with elevated mercury concentrations. 
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RAA CAP A - 4: Soil Excavation, Stabilization and On-site Disposal 

Estimated Capital Cost: $ 5,300,000 

Er;timated Annual 0 & M Costs: $ 0 

E<>timated Present Worth: 

Implementation Time: 

$ 5,300,000 

24 months 

Under this alternative, the Building R-300 walls, roof, and slab are demolished. Approximately 
32,000 cubic yards of contaminated soil are excavated from the building vicinity to a depth of 15 
feet. The excavation would be backfilled with clean fill material and vegetation planted. The 
excavated material would be stabilized and disposed of on-site in Alcoa's mud lakes. 

RAA CAP A - 5: Soil Excavation, Thermal Desorption and On-site Disposal 

Estimated Capital Cost: $ 26,000,000 

Estimated Annual 0 & M Costs: $ 0 

Er;timated Present Worth: 

Implementation Time: 

$ 26, 000, 000 

36 months 

Like Alternative 4, Alternative 5 uses soil removal to attain the RAO. The excavated soils are 
treated on-site using thermal desorption while elemental mercury is recovered for shipment to an 
off-site recycler. The treated soil is transported for on-site disposal in Alcoa's mud lakes. 

Former Witco Process Area 
The actions proposed at the Witco Area would be implemented in the Stormwater Sump and 

Separator Area (approximately 3,000 square feet in area) and the Former Tank Farm Area 
(approximately 150,000 square feet in area). These actions would address soils contaminated with 
PAHs. 

RAA Witco -1: No Action 

Estimated Capital Cost: $ 0 

Estimated Annual 0 & M Costs: $ 0 

Estimated Present Worth: $ 0 

Implementation Time: 

The no action alternative is retained to serve as a baseline against which other alternatives are 
evaluated. Under this alternative, no remedial action or institutional controls are implemented. 
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RAA Witco -2: Capping and Institutional Controls 

Estimated Capital Cost: $ 50,000 

Er;timated Annual 0 & M Costs: $ 2,000 

E<>timated Present Worth: 

Implementation Time: 

$ 75,000 

3 months 

SECTION 9 - DESCRIPTION OF ALTERNATIVES 

Under Alternative 2, soils contaminated with P AHs, would be covered with six inch caps at the 
Stom1water Sump and Separator Area and the Fonner Tank Farm Area. Institutional controls 
requiring an industrial hygiene/worker safety program would be imposed prior to future excavation 
within these two areas. 

RAA Witco - 3: Soil Excavation and On-site Disposal 

Estimated Capital Cost: $ 132,000 

Estimated Annual 0 & M Costs: $ 0 

Er;timated Present Worth: $ 132,000 

Implementation Time: 6 months 

Alternative 3 consists of the excavation of soils to a depth of six inches in the Stormwater Sump 
and Separator Area and Former Tank Fann Area. The excavated soils would be disposed of on-site 
in Alcoa's Bauxite Residue Lakes. 
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SECTION 10 

Summary of Comparative Analysis of 
Alternatives 

The EPA uses nine NCP criteria to evaluate remedial alternatives for the cleanup of a release. 
These nine criteria are categorized into three groups: threshold, balancing, and modifying. The 
threshold criteria must be met in order for an alternative to be eligible for selection. The threshold 
criteria are overall protection of human health and the environment and compliance with Applicable 
or Relevant and Appropriate Requirements (ARARs). The balancing criteria are used to weight 
major tradeoffs among alternatives. The five balancing criteria are long-term effectiveness and 
permanence; reduction of toxicity, mobility or volume through treatment; sh01i-tenn effectiveness; 
implementability; and cost. The modifying criteria are state acceptance and community acceptance. 
The following table briefly describes the evaluation criteria. 

EVALUATION CRITERIA FOR SUPERFUND REMEDIAL ALTERNATIVES 

Threshold Criteria 

Overall Protection of Human Health and the Environment addresses whether an alternative provides adequate protection of 
human health and the environment and describes how risks posed through each exposure pathway are eliminated, reduced, or 
controlled, through treatment, engineering controls, and/or institutional controls. 

Compliance with Applicable or Relevant and Appropriate Requirements (ARARs) addresses whether a remedy will meet 
Federal and state environmental statutes, regulations, and other promulgated requirements that pertain to the site, or whether a 
waiver is justified. 

Balancing Criteria 

Long-Term Effectiveness and Permanence refers to expected residual risk and the ability of a remedy to maintain reliable 
protection of human health and the environment over lime, once clean-up levels have been met. 

Reduction of Toxicity, Mobility, or Volume Through Treatment evaluates an alternative's use of treatment to reduce the harmful 
effects of principal contaminants, their ability to move in the environment, and the amouut of contamination present. 

Short-Term Effectiveness addresses the period of time needed to implement the remedy and any adverse impacts that may be 
posed to workers, the comrnuuity and the environment during construction and operation of the remedy until cleanup levels are 
achieved. 

Implementability addresses the technical and administrative feasibility of a remedy from design through construction and 
operation. Factors such as availability of services and materials, administrative feasibility, and coordination with other 
governmental agencies are also considered. 

Cost includes estimated capital and annual operations and maintenance costs, as well as present worth cost. Present worth cost is 
the total cost of an alternative over time in tenns of today's dollar value. Cost estimates are expected to be accurate within a range 
of +50 to -30 percent. 

Alcoa (Point Comfon) I Lavaca Bay Superfimd Site Record of Decision - December :!001 10-1 

ED_013073_00000027-00101 



SECTION] 0 - SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES 

Modifying Criteria 

State/Support Agency Acceptance considers whether the State agrees with the EPA' s analyses and recommendations, as 
described in the Rl/FS and Proposed Plan. 

Community Acceptance considers whether the local community agrees with EP A's analyses and preferred alternative. 
Comments received on the Proposed Plan are an important indicator of community acceptance. 

A detailed analysis was performed on the alternatives using the nine evaluation criteria in order 
to select a site remedy. Following the detailed analysis of each individual alternative, a comparative 
analysis, focusing on the relative performance of each alternative against the nine criteria, was 
conducted. This comparative analysis can be found in the FS The following is a summary of the 
comparison of each alternative's strength and weakness with respect to the nine evaluation criteria. 

Bay System 

Overall Protection of Human Health and the Environment 

All of the alternatives, with the exception of Alternative 1, are protective of human health and the 
environment. Under all alternatives, it is assumed that the fish closure order would remain in place 
until such time as the Texas Department of Health determines that fish and shellfish levels have 
been reduced to levels that are protective of human health. Alternative l provides no additional 
protection of human health and the environment. Alternative 2 is not as protective as Alternatives 3 
through 5 since only the potential sources are addressed and bay sediments would recover naturally 
over a period of 10-15 years. Alternative 3 is protective ofhuman health and the environment by 
addressing potential source areas, dredging areas of mercury-contaminated sediments in the Witco 
cut, and addressing a biological uptake area in the Witco Marsh. Alternatives 4A and 4B are again 
protective, but provide a greater degree of protection by addressing an area of mercmy
contaminated sediments north of Dredge Island. Alternative 5 would increase protection by 
removing an extensive volume of mercury-contaminated sediments. 

Compliance with ARARs 

The remedial actions under proposed remedial actions 2 through 5, would be designed and 
implemented in such a manner that they comply with chemical-specific, location-specific, and 
action-specific ARARs. 

Long-term Effectiveness and Permanence 

In all of the active bay remedial alternatives, the known major sources of ongoing mercury and P AH 
releases to bay sediments are addressed by proposed remedial actions or responses already taking 
place. RAA Bay-3, -4A, -4B, and -5 provide the greatest long-term effectiveness and pem1anence, 
since key sources are eliminated and the identified areas most impmiant for mercury methylation 
and uptake are actively managed. RAA Bay-2 provides a similar level oflong-term effectiveness 
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and permanence; however, it will require more time to accomplish due to the increased reliance on 
natural recovery. RAA Bay-2 through RAA Bay-5 effectively control and eliminate the ongoing 
sources of P AH re-contamination to Lavaca Bay. In each alternative, long-tenn monitoring of 
sediment and fish would be required to confirm the reduction of mercury in fish tissue such that the 
overall risk throughout Lavaca Bay will approach that which would be present but for the historic 
Point Comfort operations. 

Reduction of Toxicity, Mobility, or Volume of Contaminants through Treatment 

Because of the relatively high volume of sediments involved, and the low concentrations of mercury 
involved, treatment of sediments was not considered. The toxicity and mobility of mercury in 
CAP A ground water discharging to the Bay will be significantly reduced through treatment by 
carbon adsorption. 

Short-term Effectiveness 

Remedial alternative 5 has the lowest short-term effectiveness due to the extensive dredging 
required under this alternative. Remedial alternative 2 has the highest short-term effectiveness since 
there is only natural recovery of sediments. Alternatives 3, 4A, and 4B have moderate short term 
effectiveness. 

Implementability 

The dredging treatability study concluded that dredging was effective for mass removal of 
contaminated sediments in areas with high mercury concentrations. Local contractors have 
completed hydraulic dredging and disposal of sediments regularly at the Point Comfort facility. 
Therefore, all of the alternatives that include dredging are rated high for implementability. 
Alternative 4A is more difficult to implement than Alternatives 2 and 3 due to the placement of a 
thin layer cap to accelerate natural recovery. Thin layer capping is not a common activity 
completed by local contractors. However, contractors are familiar with beach nourishment, which is 
discharging of clean sediments hydraulically upland on shore. A major consideration in selection of 
equipment and placement of the thin layer cap is the need for controlled, accurate placement and the 
resulting density and rate of application of capping material. Also, thin layer capping has been 
successfully used on other sediment capping projects. Alternatives 4B and 5 are considered harder 
to implement due to the larger volumes of sediments that would be removed. Implementability of 
alternatives 3 and 4A are high since dredging has been shown to be implementable for mass 
removal. 

Cost 

There are no costs associated with the No Action alternative. Cost for Alternatives 2 - 5 would 
include long-tenn monitoring costs of sediments, fish and shellfish. Of the remaining options, 
Alternative 2 has the lowest cost ($4,900,000). Alternative 3 and Alternative 4A have similar costs 
at $9,900,000 and $12,000,000 respectively. Alternatives 4B and 5 are considerably more 
expensive at costs of $19,600,000 and $33,100,000. 
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State/Support Agency Acceptance 

During implementation of the Rl, FS, and BLRA, EPA has worked under a Cooperative 
Management Agreement between the State of Texas (represents TNRCC, Texas Parks and Wildlife 
and General Land Office) and NOAA (also represents U.S. Fish and Wildlife). The State of Texas 
and NOAA have concurred on the RI, FS, and BLRA, the underlying studies upon which selection 
of the remedial action is based. 

Community Acceptance 

During the public comment period for the proposed plan, only three entities submitted written 
comments. In general, all comments supported the preferred alternative presented in the Proposed 
Plan, although there were comments regarding the risk assessment and monitoring. The responses 
to these comments are included in the Responsiveness Summary to this ROD. 

Chlor-Alkali Process Area Soils 

Overall Protection of Human Health and the Environment 

Alternative 1 is not protective of human health and the envirorunent. Even though Alternative 2 is 
considered protective, it is less protective than the other remedial alternatives because only fencing 
and institutional controls are considered. Alternative 3 is protective because the exposure pathway 
of concern is cut off by capping of contaminated soils. Alternatives 4 and 5 are the most protective 
remedies since the contaminated soils are removed. 

Compliance with ARARs 

All alternatives, except Alternative 1, would comply with chemical-specific requirements and there 
are no location-specific ARARs for any of the alternatives. The action-specific requirements vary 
with the alternatives. However, all of the ARARs should be readily achievable. 

Long-term Effectiveness and Permanence 

All of the alternatives, except for Alternative l are effective and provide vmying levels of 
permanence. Alternatives 2 and 3 do not include treatment, but manage the residual risk from 
untreated soils by institutional controls and/or capping. Alternative 3 is more effective and 
permanent than Alternative 2 because the soils are capped rather than relying on fencing. The 
adequacy and reliability of these alternatives are ensured by enforcement of these controls. 
However, Alternative 3 is more pennanent because the soils are capped. Alternatives 4 and 5 
manage residual risk by removal of soils from the CAP A. Thennal treatment included in 
Alternative 5 is a more reliable treatment technology than stabilization included in Alternative 4. 

Reduction of Toxicity, Mobility, or Volume of Contaminants through Treatment 

The toxicity, mobility and volume of mercury in CAP A soils will not be reduced by Alternatives 1, 
2, or 3. Alternative 4 reduces the mobility and toxicity of mercury in soil, but increases the volume 
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of treatment residuals relative to the initial untreated soil volume. Alternative 5 reduces the toxicity, 
mobility and volume of mercury in CAP A soils using treatment. 

Short-term Effectiveness 

The short-term effectiveness in limiting impacts to human health and the environment for 
Alternatives 2 and 3 is high due to the limited disturbance of contaminated soils during 
implementation of these alternatives. A greater potential for generation of mercury vapor or 
mercury-containing dusts exists for Alternatives 4 and 5 since excavation of contaminated soils will 
be performed. Alternatives 2 and 3 would achieve the RAO within a relatively short period of time 
while Alternatives 4 and 5 would require significantly longer time periods to meet the RAO. 

Implementability 

Alternatives 2 and 3 can be easily implemented. Alternatives 4 and 5 are more difficult to 
implement due to extensive excavation and treatment activities required, and the operation of on-site 
soil treatment facilities. Alternative 4 would be the most difficult to implement due to technical 
difficulties associated with mixing of soils with stabilization agents and the limited track record of 
this technology for mercury treatment. 

Cost 

Alternative 2 has the lowest cost ($39,000) followed by Alternative 3 ($232,000). Alternatives 4 
and 5 are considerably more expensive with costs of $5,300,000 and $26,000,000 respectively. 

State/Support Agency Acceptance 

During implementation of the RI, FS, and BLRA, EPA has worked under a Cooperative 
Management Agreement between the State of Texas (represents TNRCC, Texas Parks and Wildlife 
and General Land Office) and NOAA (also represents U.S. Fish and Wildlife). The State of Texas 
and NOAA have concmTed on the RI, FS, and BLRA, the underlying studies upon which selection 
of the remedial action is based. 

Community Acceptance 

During the public comment period for the proposed plan, only three entities submitted written 
comments. No comments were received regarding the proposed CAPA soils remedy. 

Former Witco Process Area 

Overall Protection of Human Health and the Environment 

Alternative 1 is not protective of human health and the environment. Alternative 2 is considered 
protective because it prevents exposure to Witco soils by using soil caps. Alternative 3 is slightly 
more protective than Alternative 2 since the soils in the Stormwater Sump and Separator Area and 
Former Tank Fann are excavated. 
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SECTION] 0 - SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES 

Compliance with ARARs 

All alternatives, except Alternative 1, would comply with chemical-specific requirements and there 
are no location-specific ARARs for any of the alternatives. The action-specific requirements vary 
with the alternatives. However, all of the ARARs should be readily achievable. 

Long-term Effectiveness and Permanence 

All of the alternatives, except Alternative 1, are effective and permanent. Alternative 2 does not 
include treatment, but manages the residual risk from untreated soils by institutional controls and 
capping. The adequacy and reliability of this alternative is ensured by enforcement of these 
controls. Alternative 3 manages the residual risk by removing soils from the Tank Fann and Sump 
and Separator Area. 

Reduction of Toxicity, Mobility, or Volume of Contaminants through Treatment 

The toxicity, mobility and volume of PAHs in Witco soils will not be reduced by any of the 
alternatives, although Alternative 3 removes the PAR-containing soils from the Witco Area. 

Short-term Effectiveness 

The sh01i-tenn effectiveness of Alternative 2 is high due to the limited disturbance of contaminated 
soils during implementation. A greater potential for fugitive dust emissions exists for Alternative 3 
since excavation of P AH-contaminated soil will be required. 

Implementability 

All of the alternatives are readily implementable. Alternative 3 is slightly more difficult to 
implement due to the excavation and soil transportation activities. 

Cost 

Alternatives 2 and 3 have similar costs of $75,000 and $132,000 respectively. 

State/Support Agency Acceptance 

During implementation of the RI, FS, and BLRA, EPA has worked under a Cooperative 
Management Agreement between the State of Texas (represents TNRCC, Texas Parks and Wildlife 
and General Land Office) and NOAA (also represents U.S. Fish and Wildlife). The State of Texas 
and NOAA have concurred on the RI, FS, and BLRA, the underlying studies upon which selection 
of the remedial action is based. 

Community Acceptance 

During the public comment period for the proposed plan, only three entities submitted written 
comments. No comments were received regarding the proposed Witco soils remedy. 
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SECTION 11 - PRINCIPAL THREAT WASTES 

SECTION 11 

Principal Threat Wastes 

The NCP establishes an expectation that EPA will use treatment to address the principal threats 
posed by a site wherever practicable. Identifying principal threat wastes combines concepts of both 
hazard and risk. In general, principal threat wastes are those source materials considered to be 
highly toxic or highly mobile which generally cannot be contained in a reliable manner or would 
present a significant risk to human health or the environment should exposure occur. Non-principal 
threat wastes are those source materials that generally can be reliably contained and that would 
present only a low risk in the event of exposure. 

For this site, there are P AH DNAPLs at the former Witco Area that are considered principal 
threat wastes. The P AH DNAPLs are considered principal threat wastes because they are mobile 
and are not contained in a reliable manner. Based on the results of the RI, it was determined that 
PAR-containing DNAPL was migrating from the former Witco Coal Tar Tank Farm into Lavaca 
Bay. Sediment sampling has shown that PAH concentrations in sediments near the Witco Area are 
elevated. In addition, PAH concentrations in Bay sediments are elevated at the sediment surface, 
indicating that an ongoing source of P AHs may be present. 

The elemental mercury that was identified at the CAP A in Zone B is not considered a principal 
threat waste because it has not been shown to be highly mobile and is oflimited areal extent. The 
weight-of-evidence suggests that the mercury DNAPL observed at the CAPA is currently contained 
within a structural low in Zone B2/B. Lavaca Bay sediments, CAPA soils and Witco soils are 
considered non-principal threat waste. 
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SECTION 12 

Selected Remedy 

Bay System 

Summary of the Rationale for the Selected Remedy 

SECTION 12 - SELECTED REMEDY 

The selected remedial alternative to address the identified risks associated with mercury and 
PAHs in Lavaca Bay is RAA Bay-4A. This alternative focuses on control, removal, and isolation of 
identified current and potential future sources of mercmy and P AHs input within the Bay. In 
addition to the source control and dredging activities, RAA Bay-4A actively addresses marshes 
which are the most critical remaining mercury bioaccumulation areas identified within the bay. 
EPA selected RAA Bay-4A because it addresses the current and future sources of mercury and 
PAHs that can contribute to continued contamination of sediments and biological media associated 
with such sediments. In addition, RAA Bay-4A offers, relative to its costs, the best overall 
protection of human health and the environment and the sh01iest time to achieve compliance with 
the RAOs. That is, the difference in cost between RAA Bay-4A and Bay-3 ($2,100,000) offers a 
large increase in protectiveness. However, the cost increase between RAA Bay-4A and Bay-4B 
($7,600,000) does not significantly increase protectiveness. 

Description of the Selected Remedy 

Three actions have occurred or are ongoing that address the major sources of mercury into the 
bay. These actions include: 

• Dredge Island Stabilization and Northern Marsh Removal: The Dredge Island stabilization 
project included relocating the contents of the DMPAs containing elevated levels of mercury 
(approximately 523,000 CY) into the GPAs. In addition, the containment dikes surrounding 
the GP As were raised so they will not be overtopped during a severe storm (e.g., hurricane). 
This required increasing 10, 700 linear feet of dike to an approximate elevation of 30 feet. The 
work began in September 1998 and was completed during the summer of 2001. The estimated 
cost for the work was $38,560,000. As part of this work, the marshes on the north end of the 
Island were removed. A final cover for the disposal areas will consist of dredged material 
taken from an area of Lavaca Bay that has mercury concentrations below human health and 
ecological risk-based values. 

• CAPA Sediment Removal: As part of the dredging treatability study, roughly 70,000 cubic 
yards of contaminated sediments were dredged in the channel area adjacent to the former 
CAP A. The CAP A sediments were dredged hydraulically. The contractor used silt curtains 
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SECTION 12 - SELECTED REMEDY 

that surrounded the dredge area to minimize impacts to the water column. The sediments were 
disposed at Alcoa's dredge disposal lakes adjacent to the bauxite residue lakes. Within the 
lakes, the sediment was allowed to settle out from the dredge sluny and the decant water was 
returned back to the bay. Water quality monitoring as well as post-dredge sediment sampling 
was completed during the dredging. The dredging required roughly 21 days to complete in 
August 1998. Phase II of the treatability study involved dredging 10,000 cubic yards of 
sediment from a location near Dredge Island and disposing the material on Dredge Island. This 
work required 17 days to complete in January 1999. The cost to complete both dredging 
treatability studies was $1, 952,000. Dredging was effective from a mass removal standpoint in 
areas with high mercmy concentrations and that have the potential for sediment resuspension 
from influences such as navigational traffic. Resuspension of sediment material and transport 
offsite from the dredge areas was not significant based on the results of water quality (turbidity 
and mercury concentration) monitoring. Monitoring of oyster tissue confirmed that tissues 
mercury levels were well below concentrations of concern. 

• CAPA Ground Water Treatment: As part of the CAPA ground water treatability study, four 
ground water extraction wells were installed and operate to provide hydraulic control of ground 
water migration to the bay. Ground water collected from the wells is treated using an air 
stripper and carbon adsorption system and then discharged to Lavaca Bay. The system has 
been operating since 1998 and has been successful in reversing the ground water gradient in the 
area of CAPA. The hydraulic control system will continue to be operated as part of the 
remedial action for the Site. Monitoring of the treatment system effluent is performed on a 
regular basis. Surface water monitoring will be used to evaluate the effectiveness of the CAP A 
hydraulic control remedy. Extraction system and treatment capital costs (not including future 
equipment replacement costs) were approximately $175,000. 

In addition to those actions that have already been implemented, the selected remedy includes the 
following components: 

• Installation of a DNAPL Collection or Containment System at the Witco Area - West of 
the former Witco Tank Farm Area, a collection trench or containment system will be installed 
for the purpose of intercepting DNAPL potentially migrating to Lavaca Bay. Recovered 
DNAPL will be collected and sent off site for disposal. The specific areas of shoreline to be 
addressed by a remedy may be modified based on site conditions observed during remedy 
implementation. The use of either a DNAPL contairunent or collection technology will be 
refined during the remedial design. 

• Dredging of the Witco Channel - Approximately 200,000 cubic yards of mercury
contaminated sediment will be dredged and disposed of in an on site confined disposal facility 
located on Dredge Island. The dredged sediments will not be treated or stabilized before 
disposal. A final cover for the disposal areas will consist of dredged material taken from an 
area of Lavaca Bay that has mercury concentrations below human health and ecological risk
based values. 
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• Remediation of the 'Viteo Marsh by Dredging or Filling - Remediation of the Witco marsh 
would consist of either dredging or filling the marsh. If the Witco marsh were filled, first a 
benn along the perimeter of the marsh would be constructed and then clean sediment or fill 
would be placed behind the berm. Approximately 63,000 cubic yards of sediments would be 
removed if the Witco marsh were dredged. 

• Enhanced Natural Recovery North of Dredge Island - The area north of Dredge Island 
would receive a thin cap over the entire area to accelerate the natural recovery process currently 
occurring in the bay. Approximately 75,000 to 145,000 cubic yards of capping material would 
be required for the area north of Dredge Island. 

• Natural Recovery of Sediments - Other areas in the bay that have elevated PAH levels in 
sediments are expected to naturally recover to acceptable levels once the upland sources have 
been eliminated. Areas of concern in Lavaca Bay impacted by elevated mercury levels that are 
not actively remediated, are expected to recover with time to acceptable levels due to natural 
recovery of the sediments through sedimentation. The areas of Lavaca Bay not addressed as 
part of the remedial alternative include the southern causeway marshes, areas bordering Alcoa's 
Industrial Channel, and the area southwest of Dredge Island. It is estimated that surficial 
sediment mercury levels in all areas are expected to decline to levels in the cmTent range of 
open areas of the Bay within a 5 to l 0 year time frame. 

• Monitoring - Long term monitoring of sediments and fish will be required to confirm the 
natural recovery of sediment and fish tissue to acceptable levels. In addition, monitoring of 
surface water will be conducted to evaluate the effectiveness of the CAPA hydraulic 
containment system. Full details of the monitoring program will be established during the 
design of the selected Bay System remedy. 

• Institutional Controls to Manage Exposure to Finfish/Shellfish - The fish closure originally 
established by the Texas Department of Health in 1988 and updated in January 2000 will 
remain in place to control the consumption of finfish and shellfish for the "Closed Area". 

EPA will review the Site at least once every five years after the initiation of remedial action at 
the Site to assure that the remedial action continues to protect human health and the environment 
since hazardous substances, pollutants or contaminants will remain at the Site. 

The selected remedy may change somewhat as a result of the remedial design and construction 
processes. Changes to the remedy described in this Record of Decision will be documented in a 
technical memorandum in the Administrative Record for the Site, an Explanation of Significant 
Differences (ESD) or an Amendment to the Record of Decision, as appropriate. 

Summary of the Estimated Remedy Costs 

Table 12-1 shows the estimated cost for the selected remedy. The cost summary is based on 
the capital and annual operating and maintenance cost to implement the remedy. The information in 
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the cost summary is based on the best available information regarding the anticipated scope of the 
selected remedy. Changes in the cost elements are likely to occur as a result of new information and 
data collected during the engineering design of the remedial alternative. Changes in cost for the 
selected remedy may be documented in the fom1 of a memorandum to the file, an ESD, or an 
Amendment to the ROD depending upon NCP requirements for the change in question. Net present 
values are estimated using a discount rate of 7% and an operating period of 30 years. The accuracy 
of the cost estimates shall be within +50 percent to -30 percent. 

Expected Outcomes of the Selected Remedy 

The RAOs for Lavaca Bay are to: l) eliminate or reduce to the maximum extent practical 
mercury and PAH loading from on-going unpermitted sources to Lavaca Bay; 2) reduce to an 
appropriate level mercury in surface sediments in sensitive habitats; 3) reduce to an appropriate 
level mercury in surface sediments in open-water that represent a pathway by which mercury may 
be introduced into the food web; and 4) reduce PAH sediment concentrations to below the NOAA 
ER-M value (44.8 ppm total PAH). 

Ongoing Sources to Lavaca Bay: The selected remedy addresses all known on-going sources of 
mercury and P AHs. A hydraulic control system which was installed in 1998 is in place to address 
the discharge of mercury-contaminated ground water into Lavaca Bay. Alcoa completed a non-time 
critical removal action to address the rnnoff from Dredge Island soils. Mercury-contaminated 
sediments along the CAP A shoreline and north of Dredge Island were dredged as pati of a 
treatability study in 1999. The selected remedy will address the contaminated sediments remaining 
in the Witco Channel that can be resuspended. The discharge of PAH-containing DNAPL from the 
Witco area will be controlled as pati of the selected remedy. 

Reduction qf Mercury Levels in Sensitive Habitats: Potential areas of biological uptake with the bay 
were marsh areas identified along the n01ihem end of Dredge Island, and the northern portion of the 
Closed Area. As part of the non-time critical removal action on Dredge Island, the fringe marshes 
along Dredge Island were removed. The selected remedy will address the Witco Marsh. The 
specific target sediment cleanup value for sensitive habitats is 0.25 ppm mercury. Achieving this 
sediment target goal in these areas will result in a substantial reduction of the uptake of mercury into 
the food chain. 

Reduction of Afercwy Levels in Open Water: Open water areas of Lavaca Bay, if continually 
impacted by ongoing unpennitted sources and/or if disturbed, could potentially serve as additional 
sources of mercury to biological uptake areas. The area north of Dredge Island will receive a thin 
layer cap to accelerate the natural recovery processes taking place in Lavaca Bay. The target 
cleanup goal for sediments in open-water, on average, is 0.5 ppm. For all other areas of Lavaca 
Bay, 
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it 1s anticipated that natural recovery by sedimentation will help to meet the target mercury levels 
in sediments. 

The remedial action objectives address the exposure pathways and contaminant levels in the 
exposure media. Achievement of the RA Os are designed to allow the reduction of mercury levels 
in fish tissue such that the overall risk throughout Lavaca Bay will approach that which would be 
present but for the historic Point Comfort Operations. Recovery, which is estimated to occur in 10-
15 years, will be achieved when mercury levels in upper trophic biota in the Closed Area of Lavaca 
Bay are low enough to be protective of human health and not pose an unacceptable ecological risk. 

Chlor-Alka.H Process Area. Soils 

Summary of the Rationale for the Selected Remedy 

The selected remedial alternative to reduce the future exposure potential of site workers to 
mercury in soils in the Building R-300 vicinity is RAA CAPA-3. EPA selected RAA CAPA-3 
because it readily achieves the RAO, is easily implemented and can be readily monitored by regular 
visual inspection. In addition, RAA CAPA-3 offers, relative to its costs, the best overall protection 
of human health and the enviromnent and the shortest time to achieve compliance with the RA Os. 
That is, the difference in cost between CAPA-3 and CAPA-2 ($193,000) offers a large increase in 
protectiveness. However, the cost increase between RAA CAPA-3 and CAPA-4 ($5,068,000) does 
not significantly increase protectiveness. 

Description of the Selected Remedy 

Under the selected remedy the walls and roof of Building R-300 will be removed and hauled 
off-site. The building slab and the area immediately west of Building R-300 will be capped with a 
clay sublayer covered by crushed rock with an average thickness of 6 inches. Existing loose 
concrete rubble in the area will be removed. The cap will be crowned to facilitate run-off The 
capped area would be maintained by a regular inspection and maintenance program. Excavation of 
any soils below or immediately west of Building R-300 would only be permitted after a worker 
safety program is developed for the specific excavation activity and repair of the cap would be 
required after excavation. The Building R-300 area would be deed recorded as containing soils with 
elevated mercury levels. 

EPA will review the Site at least once every five years after the initiation of remedial action at 
the Site to assure that the remedial action continues to protect human health and the environment 
since hazardous substances, pollutants or contaminants will remain at the Site. The selected remedy 
may change somewhat as a result of the remedial design and construction processes. Changes to the 
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remedy described in this Record of Decision will be documented in a technical memorandum in the 
Administrative Record for the Site, an ESD or an Amendment to the Record of Decision, as 
appropriate. 

Summary of the Estimated Remedy Costs 

Table 12-2 shows the estimated cost for the selected remedy. The cost summary is based on 
the capital and annual operating and maintenance cost to implement the remedy. The infonnation in 
the cost summary is based on the best available information regarding the anticipated scope of the 
selected remedy. Changes in the cost elements are likely to occur as a result of new infonnation and 
data collected during the engineering design of the remedial alternative. Changes in cost for the 
selected remedy may be documented in the form of a memorandum to the file, an ESD, or an 
Amendment to the ROD depending upon NCP requirements for the change in question. Net present 
values are estimated using a discount rate of 7% and an operating period of 30 years. The accuracy 
of the cost estimates shall be within +50 percent to -30 percent. 

Expected Outcomes of the Selected Remedy 

The selected remedy is anticipated to reduce the future exposure potential of site workers to 
mercury in soils in the Building R-300 vicinity. The majority ofrisk associated with CAPA soils 
within the footprint of Building R-300 is associated with direct exposure via ingestion of soil. The 
potential for exposure of a site worker will be reduced by capping of the affected soil, deed 
recordation and the requirement that a worker safety program be developed before excavation of 
any soils below or immediately west of Building R-300. The remediation goals and perfom1ance 
standards for the selected remedy are presented in Section 8 of this ROD. 

Former Witco Area Soils 

Summary of the Rationale for the Selected Remedy 

The selected remedial alternative to reduce the future exposure potential of site workers to 
PAHs in surficial soils in the Stormwater Sump and Separator Area and Fonner Tank Farm Area is 
RAA Witco-2. Although Alternative 3 is the most protective of the alternatives, the selected 
alternative provides a remedy that is protective of human health and the environment, is easier to 
implement, has less short-te1m impacts, and is less expensive. Reliability of the selected remedy 
will be ensured by enforcement of institutional controls and inspections of the caps. 

Alcoa (Point Comfort) I Lavaca Bay Supe1fund Site Record of Decision - December 2001 12-6 

ED_013073_00000027-00113 



SECTION 12 - SELECTED REMEDY 

Description of the Selected Remedy 

The selected remedy uses capping to attain the remedial action objective. Under this 
alternative, the Stonnwater Sump and Separator Area and Former Tank Farm Area will be capped 
with soil caps with an average thickness of 6 inches. The caps will be crowned to facilitate run-off 
After capping, any future excavation of any soils in these areas would only be pennitted after a 
worker safety program is developed for the specific excavation activity and repair of the cap would 
be required after excavation. These areas would be deed recorded as containing soils with elevated 
P AH concentrations. 

EPA will review the Site at least once every five years after the initiation of remedial action at 
the Site to assure that the remedial action continues to protect human health and the environment 
since hazardous substances, pollutants or contaminants will remain at the Site. The selected remedy 
may change somewhat as a result of the remedial design and construction processes. Any changes 
to the remedy described in this Record of Decision will be documented in a technical memorandum 
in the Administrative Record for the Site, an ESD or an Amendment to the Record of Decision, as 
appropriate. 

Summary of the Estimated Remedy Costs 

Table 12-3 shows the estimated cost for the selected remedy. The cost summmy is based on 
the capital and annual operating and maintenance cost to implement the remedy. The information in 
the cost summary is based on the best available infom1ation regarding the anticipated scope of the 
selected remedy. Changes in the cost elements are likely to occur as a result of new information and 
data collected during the engineering design of the remedial alternative. Changes in cost for the 
selected remedy may be documented in the form of a memorandum to the file, an ESD, or an 
Amendment to the ROD depending upon NCP requirements for the change in question. Net present 
values are estimated using a discount rate of 7% and an operating period of 30 years. The accuracy 
of the cost estimates shall be within +50 percent to -30 percent. 

Expected Outcomes of the Selected Remedy 

The selected remedy is anticipated to reduce the future exposure potential of site workers to 
PAHs in soils at the Stormwater Sump and Separator Area and Former Tank Farm Area. The 
potential for exposure of a site worker will be reduced by capping of the affected soil, deed 
recordation and the requirement that a worker safety program be developed before excavation of 
any soils at the Stonnwater Sump and Separator Area and Former Tank Farm Area. The 
remediation goals and performance standards for the selected remedy are presented in Section 8 of 
this ROD. 
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Table 12-1 

Cost Estimate Summary for RAA Bay-4A 

Item Unit Unit Cost No. of Units Total Cost 

Mobilization/Demobilization Percent 8% $5,529,000 $442,000 

CAPA Groundwater 

-Ground Extraction and Treatment LS $0 1 $0 

Witco Channel 

- Hydraulic Dredge CY $15 200,000 $3,000,000 

Witco Marsh 

- Construction Dike CY $50 2,100 $105,000 

- Fill to Create Upland CY $19 36,000 $684,000 

WitcoDNAPL LS $1,920,000 1 $1,210,000 

Area North of Dredge Island 

- Enhanced Natural Recovery CY $12 145,000 $1,740,000 

Engineering Design LS $680,000 1 $680,000 

Construction Monitoring/Maintenance LS $496,000 1 $496,000 

Long-term Maintenance/Monitoring 

- CAPA1 LS $1,700,000 l $1,365,000 

- Lavaca Bay2 LS $1,639,737 1 $1,660,000 

- Witco DNAPL3 $ 545,000 

Contingency Percent 30% 1 $3,722,000 

Total Estimated Cost $16,129,000 

1 Includes $110,000 annually for 30 years at a discount rate of7% 

2 Fish tissue monitoring in yrs 1-10, 15, 20, 30 and sediment monitoring in yrs 2, 4, 6, 8, 10, 15, 20, 30 

3 lncludes $44,000 annually for 30 years at a discount rate of7% 
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Table 12-2 

Cost Estimate Summary for RAA CAPA-3 

Item Unit Unit Cost No. of Total Cost 
Units 

Mobilization/Demobilization LS $10,000 l $10,000 

Subgrade Preparation LS $5,000 1 $5,000 

Rubble Handling LS $8,000 1 $8,000 

Building R-300 Removal LS $160,000 l $160,000 

Clay Base (3 inches) CY $8 600 $4,800 

Crushed Rock (6 in average thickness) CY $25 1,200 $30,000 

Institutional Control LS $5,000 l $5,000 

Total Present Worth Cost $232,000 

Engineering Percent 10% l $23,200 

Contingency Percent 20% 1 $51,000 

Total Estimated Cost $300,000 
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Table 12-3 

Cost Estimate Summary for RAA Witco-2 

Item Unit Unit Cost No. of Total Cost 
Units 

Clear and Grub Areas LS $2,000 l $2,000 

Soil Cap Construction CY $8 2,833 $22,667 

Institutional Control LS $5,000 1 $5,000 

Engineering & Supervision Percent 10% l $6,000 

Mobilization/Demobilization Percent 15% l $4,500 

Miscellaneous Costs (PPE, H&S, Percent 10% 1 $3,000 
Monitoring) 

Construction Expense/Contractor's Fee Percent 20% 1 $6,000 

Total Present Worth Capital Cost $50,000 

Annual Site Inspection LS $1,000 

Erosion Repair LS $1,000 

Total Present Worth O&M Costs $25,000 

Subtotal Present W 01ih (30yrs, 7%) $75,000 
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SECTION 13 

Statutory Determinations 

The remedial action selected for implementation at the Alcoa/Lavaca Bay Site is consistent with 
CERCLA and, to the extent practicable, the NCP. The selected remedies for the Bay System, 
Chlor-Alkali Process Area Soils and Former Witco Area Soils are protective of human health and 
the environment, will comply with ARARs and are cost effective. In addition, the selected remedies 
utilize permanent solutions and alternate treatment technologies or resource recovery technologies 
to the maximum extent practicable, and satisfy the statutmy preference for treatment that 
permanently and significantly reduces the mobility, toxicity or volume of hazardous substances as a 
principal element. 

Bay System 

Protection of Human Health and the Environment 

The remedy at this Site will adequately protect human health and the environment by 
eliminating, reducing or controlling exposures to human and environmental receptors through 
treatment, engineering controls and institutional controls. Continued operation of the CAP A ground 
water system, completion of the removal action on Dredge Island, and containment or recovery of 
PAH DNAPL at the fonner Witco Processing Area will address sources of mercury and PAHs, that 
if not addressed, could continue to result in elevated levels of mercury and P AHs in sediments in 
Lavaca Bay. In addition, dredging along the CAPA shoreline area and north of Dredge Island 
(completed during the treatability studies), along with the planned dredging of the Witco Channel 
will remove contaminated sediments that could act as secondary sources of mercury and P AHs. 
Confinement of contaminated sediments on Dredge Island, which lies within the area of 
contamination, will eliminate the pathway for contaminants to be reintroduced into the bay system. 
Also, the selected remedy addresses marsh area habitats where mercury methylation appears to 
contribute significantly to uptake in the higher trophic finfish species. The marshes around Dredge 
Island were removed during the non-time critical removal action and the Witco Marsh will be 
capped or removed during implementation of the remedial action. Capping of the impacted 
sediments in the open water area nmih of Dredge Island will limit the opportunity for 
recontamination of adjacent habitat areas if these sediments were resuspended. In addition, the thin 
layer cap will enhance the natural recovery process of the area north of Dredge Island. These 
actions address the media that affect the biota and should result in achieving acceptable levels of 
mercury in fish and shellfish. Sediments that are not actively remediated will recover to acceptable 
levels through natural sedimentation. Long term monitoring of sediments and fish will be required 
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to confirm the natural recovery of sediment and fish tissue to acceptable levels. In addition, 
monitoring of surface water will be conducted to evaluate the effectiveness of the CAP A hydraulic 
containment system. 

The RA Os for the Bay System are designed to allow the reduction of mercmy levels in fish 
tissue such that the overall risk throughout Lavaca Bay will approach that which would be present 
but for the historic Point Comfort operations. The RAOs in the Proposed Plan set out numerical 
mercury sediment goals but do not specifically set a protective fish concentration level. Target 
cleanup goals for sediments are based on the locations where finfish and shellfish data suggest the 
opportunity for mercury to enter the food chain is concentrated. 

The predicted health risks associated with consumption of fish from Lavaca Bay, as well as all 
bays, using the average consumption rate and RME consumption rates were presented in the 
Proposed Plan. Potential health risks were estimated for four different exposure groups. Using both 
the average and RME fish consumption rates, the potential health risks for "Lavaca Bay 
Fishermen"4

, are not significantly different than the potential health risks for "All Fishennen"5
. The 

predicted risks for "Lavaca Bay and Closed Area Fishennen"6 and "Closed Area Fishennen"7 are 
approximately twice as high as the potential risks for "Lavaca Bay Fishennen" or "All Fishennen". 
The predicted unacceptable health risk from consuming fish and shellfish associated with releases 
from the Alcoa Point Comfort operations is focused within the Closed Area of Lavaca Bay and 
areas of Lavaca Bay in the general vicinity of the Closed Area. At the Alcoa site, even though there 
are unacceptable risks identified for "Lavaca Bay Fishe1men", the predicted risk appears to be no 
different than the predicted risk present for "All Fishennen". The Closed Area of Lavaca Bay is 
generally that area in which unacceptable risks from consumption of fish and shellfish can be 
attributed to past releases from Alcoa given the uncertainties associated with the toxicity of 
methylmercury, fish consumption rates and sediment to biota accumulation factors. The remedial 
actions to reduce or control risk to human health and the environment are focused generally on the 
vicinity of the current Closed Area. Long term monitoring will be required to confirm the recovery 
of fish tissue to acceptable levels. The cmTent fish closure order would remain in place as an 
institutional control until such time as the Texas Department of Health detennines that fish and 
shellfish levels have been reduced to levels that are protective of human health. Achieving the 
sediment cleanup goals is expected to result in reductions in fish tissue levels such that there are no 
unacceptable risks to ecological receptors even for the most conservative risk estimate. 
Implementation of the selected remedy will not pose any unacceptable short-term risks or cause any 
cross-media impacts. 

4 
Lavaca Bay Fishe1men - fishermen who fished mostly in Lavaca Bay, but not in the Closed Area 

5 
All Fishermen - fishermen who fished in Lavaca Bay, but also in other Texas Bays 

6 
Lavaca Bay and Closed Area Fishermen - fishermen who fished mostly in Lavaca Bay, but occasionally in the Closed Area 

7 
Closed Area Fishennen - fishennen who fished mostly in the Closed Area 
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SECTION 13 - STATUTORY DETERMINATIONS 

Compliance With ARARs 

The selected remedy will comply with all federal and any more stringent state ARARs that 
pertain to the Site. Section 12l(d) of CERCLA states that remedial actions must attain or exceed 
ARARs. ARARs are derived from both Federal and State environmental laws and include 
regulations, standards, criteria, or limitations not promulgated under Federal or State laws. State 
standards that constitute ARARs are those laws that are promulgated, substantive in nature, more 
stringent than Federal requirements, consistently applied and identified by the State in a timely 
manner. The ARARs are divided into 3 categories: l) location-specific, 2) chemical-specific, and 
3) action-specific. In addition to ARARs in determining the necessaiy level of cleanup for 
protection of health or the enviromnent, EPA may also consider non-promulgated advisories or 
guidance issued by Federal or State governn1ent that are not legally binding. Such materials are 
identified in the remedy selection process as to-be-considered (TBC). The ARARs are presented 
below and discussed in more detail in Appendix A of the Feasibility Study. 

location-Specific ARARs 

Location-specific requirements are restrictions placed on the types of activities that can be 
conducted or on the concentration of hazardous substances that can be present solely because of the 
location where they will be conducted. Table 13-1 summarizes the location-specific ARARs while 
Appendix A of the FS provides additional detail. 

Location-specific ARARs are divided into the following six sections: 

- Oyster Waters/Reefs; 

- Critical Areas for Fish and Wildlife Resources; 

- Critical Habitat for Endangered or Threatened Species; 

- Recreational/Commercial Waters; and 

- Coastal Zones 

Chemical-Specific ARARs 

Chemical-specific requirements are health- or risk-based numerical values or methodologies that 
specify the acceptable amount or concentration of a chemical that may be found in, or discharged to, 
the envirorunent. For bay sediments, no federal or state sediment quality criteria have been 
promulgated. The specific target sediment cleanup value for critical habitats, 0.25 ppm mercury, is 
based on a weight-of-evidence evaluation of empirical measurements of the ratio of tissue-to
sediment concentration detennined during the RI phase of the project and long-term tissue 
monitoring data. The target cleanup goal for sediments in open-water, on average, is 0.5 ppm 
mercury. 
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SECTION 13 - STATUTORY DETERMINATIONS 

Action-Specific ARARS 
Action-specific ARARs are usually technology- or activity-based requirements or limitations on 

actions taken with respect to hazardous wastes. These requirements are triggered by the 

particular remedial activities that are selected to accomplish a remedy. Table 13-1 summarizes the 
action-specific ARARs while Appendix A of the FS provides additional detail. 

Action-specific ARARs are divided into the following five sections: 

- Sediment Removal (Dredging) and Disposal in an On-Site Confined Disposal Facility 

- Capping Contaminated Sediment 

- CAP A Hydraulic Controls 

- Witco DNAPL Collection and Containment 

- Soil Excavation, Treatment, and Capping 

Cost-Effectiveness 

In the Lead Agency's judgment, the selected remedy is cost-effective because the remedy's costs 
are prop011ional to its overall effectiveness (see 40 CFR 300.430(f)( 1 )(ii)(D)). This determination 
was made by evaluating the overall effectiveness of those alternatives that satisfied the threshold 
criteria (i.e., that are protective of human health and the enviromnent and comply with all federal 
and any more stringent ARARs, or as appropriate, waive ARARs ). Overall effectiveness was 
evaluated by assessing three of the five balancing criteria -- long-term effectiveness and 
pennanence; reduction in toxicity, mobility, and volume through treatment; and sh011-tenn 
effectiveness, in combination. The overall effectiveness of each alternative then was compared to 
the alternative's costs to detennine cost-effectiveness. The relationship of the overall effectiveness 
of the selected remedial alternative was determined to be proportional to its costs and hence 
represents a reasonable value for the money to be spent. 

The present w011h cost ofRAA Bay-4A, the selected remedy at $12,000,000 is somewhat higher 
than RAA Bay-3 at $9,900,000 but considerably less than the cost ofRAA Bay-4B at $19,600,000. 
RAA Bay-4A offers, relative to its costs, the best overall protection of human health and the 
environment and the shortest time to achieve compliance with the RAOs. That is, the difference in 
cost between RAA Bay-4A and Bay-3 ($2,100,000) offers a large increase in protectiveness while 
the cost increase between RAA Bay-4A and Bay-4B ($7,600,000) does not significantly increase 
protectiveness. 
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SECTION 13 - STATUTORY DETERMINATIONS 

Utilization of Permanent Solutions and Alternative Treatment 
Technologies (or Resource Recovery Technologies) to the Maximum 
Extent Practicable 

EPA has determined that the selected remedy represents the maximum extent to which 
permanent solutions and treatment technologies can be utilized in a practicable manner at the site. 
The selected remedy provides the best balance of trade-offs in terms of the five balancing criteria, 
considering State and community acceptance, while also considering the statutory preference for 
treatment as a principal element and the bias against off-site treatment and disposal. 

The selected remedy utilizes permanent solutions and treatment technologies to the maximum 
extent. RAA Bay-4A effectively controls the known sources of mercury and P AHs that can impact 
Lavaca Bay. Recovered ground water from the CAP A recovery system is treated before discharge 
into Lavaca Bay. In addition, mercury-contaminated sediments in Lavaca Bay that can be 
resuspended will be dredged and disposed of in a confined disposal facility. These actions remove 
mercury that could enter Lavaca Bay or are already present in the Bay. In addition, key areas of 
mercury methylation are removed as part of the selected remedy. Areas of Lavaca Bay that are not 
actively remediated will naturally recover over time. DNAPL releases from the former Witco area, 
which are considered principal threat wastes, will either be contained or collected. The selected 
remedy requires less time to meet the RAO than RAA Bay-2 because there is less reliance on 
natural recove1y of sediments. 

Preference for Treatment a Principal Element 

Because of the relatively high volume of sediments involved, and the low concentrations of 
mercury involved, treatment of sediments was not considered. The volume of mercury in CAPA 
ground water discharging to Lavaca Bay will be significantly reduced through treatment by carbon 
adsorption. 

five-Year Review Requirements 

Because this remedy will result in hazardous substances remaining on-site above levels that 
allow for unlimited use and unrestricted exposure, a review will be conducted within five years after 
initiation of the remedial action to ensure that the remedy continues to provide adequate protection 
of human health and the environment. 
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SECTION 13 - STATUTORY DETERMINATIONS 

Chlor-Alkali Process Area Soils 

Protection of Human Health and the Environment 

The remedy for CAPA soils will adequately protect human health and the enviromnent by 
eliminating, reducing or controlling exposures to human and environmental receptors through 
capping and institutional controls. The selected remedy, RAA CAPA-3, eliminates the pathway of 
concern by capping of contaminated soils within the footprint of Building R-300. In addition, 
institutional controls requiring development of an industrial hygiene/worker safety program prior to 
work in this area will control the risk to human health from possible ingestion and dermal exposure 
to mercury-contaminated soil. The selected remedy will reduce potential human health risk levels 
from exposure to mercury-contaminated soils such that the non-carcinogenic hazard index will not 
exceed 1. Finally, the selected remedy does not pose unacceptable short-term risk. 

Compliance With ARARs 

Chemical specific ARARs are usually health or risk based numerical values or methodologies 
that, when applied to site specific conditions, result in the establishment of numerical values. These 
values establish the acceptable amount or concentration of a chemical that may be found in, or 
discharged to, the environment. The potential exposure pathway for contamination is dermal contact 
and ingestion of soil. There are no promulgated Federal regulatory cleanup standards for soil; 
therefore, risk based criteria have been identified for this media (see Section 8 - Remedial Action 
Objectives). 

Cost-Effectiveness 

In the Lead Agency's judgment, the selected remedy is cost-effective because the remedy's costs 
are proportional to its overall effectiveness (see 40 CFR 300.430(f)(l)(ii)(D)). This determination 
was made by evaluating the overall effectiveness of those alternatives that satisfied the threshold 
criteria (i.e., that are protective of human health and the enviromnent and comply with all federal 
and any more stringent ARARs, or as appropriate, waive ARARs ). Overall effectiveness was 
evaluated by assessing three of the five balancing criteria -- long-term effectiveness and 
pennanence; reduction in toxicity, mobility, and volume through treatment; and shmi-tenn 
effectiveness, in combination. The overall effectiveness of each alternative then was compared to 
the alternative's costs to detennine cost-effectiveness. The relationship of the overall effectiveness 
of the selected remedial alternative was determined to be proportional to its costs and hence 
represents a reasonable value for the money to be spent. 
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SECTION 13 - STATUTORY DETERMINATIONS 

The present worth cost ofRAA CAPA-3, the selected remedy, at $232,000 is somewhat higher 
than RAA CAPA-2 at $39,000 but considerably less than the cost of RAA CAPA-4 at $5,300,000. 
The selected remedy offers, relative to its costs, the best overall protection of human health and the 
environment and the shortest time to achieve compliance with the RAOs. That is, the difference in 
cost between the selected remedy and CAPA-2 ($193,000) offers a large increase in protectiveness 
since the impacted soils are capped instead of fenced off while the cost increase between the 
selected remedy and CAPA-4 ($5,068,000) does not significantly increase protectiveness. 

Utilization of Permanent Solutions and Alternative Treatment 
Technologies (or Resource Recovery Technologies) to the Maximum 
Extent Practicable 

EPA has determined that the selected remedy represents the maximum extent to which 
permanent solutions and treatment technologies can be utilized in a cost-effective manner at the site. 
The selected remedy provides the best balance of trade-offs in terms of the five balancing criteria, 
considering State and community acceptance, while also considering the statutmy preference for 
treatment as a principal element and the bias against off-site treatment and disposal. The selected 
remedy satisfies the criteria for long-term effectiveness by capping of the contaminated soil thereby 
effectively reducing the potential for direct contact. The selected remedy does not present any 
short-tenn risks, is easily implemented, and takes the shortest time to achieve compliance with the 
RAOs. In addition, the cost of the selected remedy is significantly lower than RAA CAPA-4 while 
providing protection of human health and the environment. Based on evaluation of the five 
balancing criteria, it was determined that extent of treatment found to be practicable was "no 
treatment". 

Preference for Treatment a Principal Element 

The selected remedy does not satisfy the statutory preference for treatment since the CAP A soils 
are not considered principal threat wastes. 

five-Year Review Requirements 

Because this remedy will result in hazardous substances remaining on-site above levels that 
allow for unlimited use and unrestricted exposure, a review will be conducted within five years after 
initiation of the remedial action to ensure that the remedy continues to provide adequate protection 
of human health and the environment. 
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SECTION 13 - STATUTORY DETERMINATIONS 

Former Witco Area Soils 

Protection of Human Health and the Environment 

The remedy for the Fonner Witco Area Soils will adequately protect human health and the 
environment by eliminating, reducing or controlling exposures to human and envirorunental 
receptors through capping and institutional controls. The selected remedy, RAA Witco-2, 
eliminates the pathway of concern by capping of contaminated soils in the former tank farm and 
sump and separator. In addition, institutional controls requiring development of an industrial 
hygiene/worker safety program prior to work in this area will control the risk to human health from 
possible ingestion and dermal exposure to mercury-contaminated soil. The selected remedy will 
reduce potential human health risk levels from exposure to mercury-contaminated soils such that the 
non-carcinogenic hazard index will not exceed 1. Finally, the selected remedy does not pose 
unacceptable short-term risk. 

Compliance With ARARs 

Chemical specific ARARs are usually health or risk based numerical values or methodologies 
that, when applied to site specific conditions, result in the establishment of numerical values. These 
values establish the acceptable amount or concentration of a chemical that may be found in, or 
discharged to, the environment. The potential exposure pathway for contamination is contact and 
ingestion of soil. There are no promulgated Federal regulatmy cleanup standards for soil; therefore, 
risk based criteria have been identified for this media (see Section 8 - Remedial Action Objectives). 

Cost-Effectiveness 

In the Lead Agency's judgment, the selected remedy is cost-effective because the remedy's costs 
are proportional to its overall effectiveness (see 40 CFR 300.430(f)(l)(ii)(D)). This detennination 
was made by evaluating the overall effectiveness of those alternatives that satisfied the threshold 
criteria (i.e., that are protective of human health and the environment and comply with all federal 
and any more stringent ARARs, or as appropriate, waive ARARs ). Overall effectiveness was 
evaluated by assessing three of the five balancing criteria -- long-tenn effectiveness and 
permanence; reduction in toxicity, mobility, and volume through treatment; and short-term 
effectiveness, in combination. The overall effectiveness of each alternative then was compared to 
the alternative's costs to determine cost-effectiveness. The relationship of the overall effectiveness 
of the selected remedial alternative was determined to be proportional to its costs and hence 
represents a reasonable value for the money to be spent. 
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SECTION 13 - STATUTORY DETERMINATIONS 

The present worth cost ofRAA Witco-2, the selected remedy, at $75,000 is somewhat lower 
than RAA Witco-3 at $132,000. The selected remedy offers, relative to its costs, the best overall 
protection of human health and the environment and the sh011est time to achieve compliance with 
the RAOs. That is, the cost increase between the selected remedy and Witco-3 ($57,000) does not 
significantly increase protectiveness. 

Utilization of Permanent Solutions and Alternative Treatment 
Technologies (or Resource Recovery Technologies) to the Maximum 
Extent Practicable 

EPA has detennined that the selected remedy represents the maximum extent to which 
permanent solutions and treatment technologies can be utilized in a cost-effective manner at the site. 
The selected remedy provides the best balance of trade-offs in terms of the five balancing criteria, 
considering State and community acceptance, while also considering the statutory preference for 
treatment as a principal element and the bias against off-site treatment and disposal. The selected 
remedy satisfies the criteria for long-tenn effectiveness by capping of the contaminated soil thereby 
effectively reducing the potential for direct contact. The selected remedy does not present any 
short-term risks, is easily implemented, and takes the shortest time to achieve compliance with the 
RA Os. In addition, the cost of the selected remedy is significantly lower than RAA Witco-3 while 
providing protection of human health and the environment. Based on evaluation of the five 
balancing criteria, it was determined that extent of treatment found to be practicable was "no 
treatment". 

Preference for Treatment a Principal Element 

The selected remedy does not satisfy the statutory preference for treatment since the Witco soils 
are not considered principal threat wastes. 

five-Year Review Requirements 

Because this remedy will result in hazardous substances remaining on-site above levels that 
allow for unlimited use and unrestricted exposure, a review will be conducted within five years after 
initiation of the remedial action to ensure that the remedy continues to provide adequate protection 
of human health and the environment. 
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SECTION 13 - STATUTORY DETERMINATIONS 

Table 13-1 

Applicable or Relevant and Appropriate Requirements (ARARs) 

STANDARD, REQUIREMENT, CITATION 

I 
DESCRIPTION 

I 
MEDIA 

I 
RATIONALE & DISCUSSION 

I CRITERIA, OR LIMITATION 

BAY SYSTEM 

LOCATION SPECIFIC 

Oyster Waters/Reefs 30 TAC §307.7(b)(3)(B)(iii) Mandates that oyster waters should Bay System These guidelines are action levels for 
be maintained so that molluscs and shellfish provided by the 
concentrations of toxic materials do FDA. The FDA action level for 
not cause edible species of clams, methylmercury is 1 ppm in the edible 
oysters, mussels to exceed portion. The selected remedial action is 
acceptable guidelines for the designed so that the FDA action level is 
protection of public health. not exceeded. 

31 TAC §501.14(h) Prohibits activities that have adverse Bay System The selected remedy will meet this ARAR 
effects or degradation on shellfish by ensuring that there will be no adverse 

effects or degradation on shellfish occur. 

Critical Areas for Fish and 40 CFR §6.302.(g) Requires all parties involved in Bay System The responsible party (e.g., Alcoa) must 
Wildlife Resources: Aquatic, actions that will result in the control consult with the USFWS, the NMFS, and 
avian, and teITestrial species are or structural modification of a the TPWD to asce1tain the measures 
present with and around Lavaca natural stream or body of water for necessary to mitigate, prevent, and 
Bay. Remedial actions that any purpose, to take action to compensate for project-related losses of 
impact fish and wildlife resources protect the fish and wildlife fish and wildlife resources and to enhance 
are subject to these ref,'lllations. resources that may be affected by these resources. This section also requires 

the action. that a study of the fish and wildlife 
resources be included in the NEPA EA or 
EIS, although Alcoa would not be 
required to do this since CERCLA 
removal actions generally are exempt 
from producing an EA/EIS. Fish and 
wildlife resources are ah-eady documented 
in the Aquatic and TeITestiial Habitat 
Mapping Study report. 
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SECTION 13 - STATUTORY DETERMINATIONS 

STANDARD, REQUIREMENT, CITATION DESCRIPTION MEDIA RATIONALE & DISCUSSION 
CRITERIA, OR Lll\UTATION 

40 CFR Part 230 The purpose of Pait 230 is to control Dredged Discharge of dredged or fill material will 
the discharges of dredged or fill Material be controlled under the remedial action. 
materials (§230. l ). Site impacts 
caused by fill activities would also 
be covered by Part 230, as are 
impacts resulting from dredging 
activities. 

31 TAC §501.14(h) Prohibits the location of facilities in Bay System 'Jl1e remedial action will be designed to 

31 TAC §501.14(j) a coastal natural resource area comply with this ARAR. 
(CNRA) that is a wildlife habitat 
unless the design, construction, and 
operation will prevent adverse 
impacts and there is no practicable 
alternative. These sections also 
specify compensatory mitigation. 
Finally, these regulations state that 
actions should not be conducted 
during spawuing or nesting seasons 
or during seasonal migration periods 
in order to minimize impacts. 

Critical Habitat for Endangered 40 CFR §6.302(h) The Endangered Species Act Sediments For actions where USEP A is the lead 
I Threatened S~ecies: Remedial prohibits federal agencies' programs agency, the responsible party (e.g., Alcoa) 
actions that impact rare, (e.g., CERCLA) from jeopardizing must identify desis'llated endangered or 
threatened, and endangered threatened or endangered species or threatened species or their habitat that 
species may be subject to adversely modifying habitats may be affected by the remedial action. 
applicable federal and state essential to their survival. The Aquatic and Terrestrial Habitat 
requirements. The Endangered Mapping Study satisfies the requirement 
Species Act of 1973 (16 USC to identify endangered species and their 
1531) and subsequent regulations habitat. 
govern the protection of 
endangered or threatened species 
and provides ARARs for the 
remediation and management of 
Lavaca Bay sediments. 
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SECTION 13 - STATUTORY DETERMINATIONS 

STANDARD, REQUIREMENT, CITATION DESCRIPTION MEDIA RATIONALE & DISCUSSION 

CRITERIA, OR Lll\UTATION 

40 CFR §230.30 The purpose of 40 CFR §230 is to Sediments The major potential impacts include: 
control the discharges of dredged or covering or otherwise directly killing 
fill materials (§230. l ). species; the destruction of habitat to 

which these species are limited. The 
remedial action will be designed to meet 
this ARAR. 

50 CFR Part 402 Iflisted species or their habitat may Sediments If the consultation reveals that the activity 
be affected, formal consultation with may jeopardize a listed species or habitat, 
the lJSFWS, TPWD, and the NMFS mitigation measures need to be 
must be undertaken, as appropriate. considered. 
50 CFR Part 402 provides 
procedures for interagency 
cooperation and interaction. 

31 TAC §50l.14(h) Prohibits development in critical Sediments The remedial action will be designed to 
areas if the activity will jeopardize meet this ARAR. 
the continued existence of 
endangered or threatened species or 
will result in the destruction or 
adverse modification of their 
habitat. This section also specifies 
compensatory mitigation. 

Recreational I Commercial 40 CFR §230.51 The discharge of dredged or fill Sediments The remedial action will be designed to 
Waters: These requirements are materials can affect the suitability of meet this ARAR. 
applicable to areas of Lavaca Bay recreational and commercial fishing 
that could be disturbed by the grounds as habitat for populations. 
remediation and management of 
Lavaca Bay sediments. 
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SECTION 13 - STATUTORY DETERMINATIONS 

STANDARD, REQUIREMENT, CITATION DESCRIPTION MEDIA RATIONALE & DISCUSSION 

CRITERIA, OR Lll\UTATION 

40 CFR §230.52 The disposal of dredged or fill Sediment The remedial action will be designed to 
mate1ial may adversely modify or meet this ARAR. 
destroy water use for recreation by 
changing turbidity, suspended 
particulates, temperature, dissolved 
oxygen, dissolved materials, toxic 
materials, pathogenic organisms, 
quality of habitat, and the aesthetic 
qualities of sight, taste, odor, and 
color. 

31 TAC §50l.14(j)(2)(G) Adverse effects can be minimized Sediment The remedial action will be designed to 
by following procedures to prevent meet this ARAR. 
or minimize any potential damage to 
the aesthetically pleasing features of 
the site, particularly with respect to 
water quality. In addition, adverse 
effects on human use potential from 
dredging can be minimized by 
timing dredging and dredged 
material disposal/placement to avoid 
seasons or periods when human 
recreational activity associated with 
the site is most important. 
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SECTION 13 - STATUTORY DETERMINATIONS 

STANDARD, REQUIREMENT, CITATION DESCRIPTION MEDIA RATIONALE & DISCUSSION 

CRITERIA, OR Lll\UTATION 

Coastal Zone Management: The 31 TAC §501.14(j) Dredging and dredged material Sediment The remedial action will be designed to 
Coastal Zone Management Act of disposal and placement shall not meet this ARAR. 
1972 (16 USC §§1451 et seq.) cause or contribute, after 
requires the development and consideration of dilution and 
implementation of programs to dispersion, to the violation of any 
manage the land and water applicable surface water quality 
resources of the coastal zone, standards. Section 50 l.l 4(j)(2 )(F) 
including ecological, cultural, cites methods to minimize the 
historic, and aesthetic values. effects of activities on plant and 
States must implement programs animal populations. 
in confonnity with EPA guidance 

e. Remedial actions that impact 
the coastal zone are subject to 15 
CFR Part 923-Coastal Zone 
Management Program 
Regulations which is administered 
by NOAA and provides the 
criteria for approving state 
programs. Texas' approved 
Coastal Management Program 
administered by the Texas Coastal 
Coordination Council is recorded 
at 31 TAC Chapter 501. 

31 TAC §501.14(h)(l)(G) Development in critical areas shall Bay System The remedial action will be designed to 
not be authorized if significant meet this ARAR. 
degradation will occur. 
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SECTION 13 - STATUTORY DETERMINATIONS 

STANDARD, REQUIREMENT, CITATION DESCRIPTION MEDIA RATIONALE & DISCUSSION 
CRITERIA, OR Lll\UTATION 

31 TAC §501.14(i)(l)(H) Where practicable, pipelines, Bay System The remedial action will be designed to 
transmission lines, cables, roads, meet this ARAR. 
causeways, and bridges shall be 
located in existing rights-of-way or 
previously disturbed areas if 
necessaiy to avoid or minimize 
adverse effects and if it does not 
result in unreasonable risks to 
human health, safety, and welfare. 

ACTION SPECIF'IC 

Sediment Removal and Dis~osal 33 CFR Part 325 The US Army Corps of Engineers Sediment Dredge spoil decant water and stmm 
in an On-Site Confined Dis[!osal (USACE) requirements for dredge water discharges from remedial actions 
Facility spoil dewatering discharges in 33 must be controlled as needed to allow 

CFR Part 325 will serve as an compliance with the Plant Operation's 
ARAR for the sediment removal wastewater discharge permit. This can be 
and disposal in the confined accomplished by requiring coordination 
disposal facility on Dredge Island. between the contractor and Plant 
Discharge limits of dredge spoil Operations with respect to timing, 
decant water should be set at a limit sampling, and reporting of discharges. 
of 5 µg/L of total mercury, based on 
the existing USACE discharge 
permit for dredging. 
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SECTION 13 - STATUTORY DETERMINATIONS 

STANDARD, REQUIREMENT, CITATION DESCRIPTION MEDIA RATIONALE & DISCUSSION 

CRITERIA, OR Lll\UTATION 

31 TAC §§57.41-51 Shell dredging on the Texas Gulf Sediment The remedial action will be designed to 

31 TAC §§57.61-77 Coast is regnlated by the TPWD meet this ARAR. 
under 31 TAC §§57.41-51 and the 
issuance of marl, sand, and gravel 
permits is regulated under 31 TAC 
§§57.61-77. Section 57.42(3) states 
that dredging operations for the 
removal, taking, and carrying away 
of shell and mudshell may be 
conducted except that operations 
may not be conducted within Yi mile 
of any shoreline and operations may 
not be conducted in marginal water 
less than four foet in depth. 

40 CFR Part 125, Subpart K Potential sources of toxic and Sediment The remedial action will be designed to 
hazardous pollutants (e.g., dredge meet this ARAR 
spoils, heavy equipment, etc.) 
associated with the removal action 
will need to be identified and a Best 
Management Practices (BMPs) plan 
will need to be established with 
specific objectives to prevent and 
mitigate such releases. 

40 CFR Part 125, Subpart L Could require that Alcoa provide Sediment If required, the necessary infom1ation will 
data regarding the composition of be collected. 
the discharge and its toxicity for 
establishing discharge limits, similar 
to what is required for the existing 
NPDES permitted outfalls. 

Ca~~ing Lavaca Bay Sediments 40 CFR Pai1 230 Clean Regnlates the discharges of dredged Sediments The remedial action will be designed to 
Water Act §404(b )(1) or fill material to waters of the US. meet this ARAR 
Guidelines 

Section 10 of the Rivers and Prohibits the unauthorized Sediments The remedial action will be designed to 
Harbors Act obstruction or alteration of any meet this ARAR 

navigable water of the US. 
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SECTION 13 - STATUTORY DETERMINATIONS 

STANDARD, REQUIREMENT, CITATION DESCRIPTION MEDIA RATIONALE & DISCUSSION 

CRITERIA, OR Lll\UTATION 

33 CFR Part 323 Specify that placement of dredge Sediments The remedial action will be designed to 

31 TAC §501.14 mate1ial must not adversely impact meet this ARAR 
sensitive areas and must not cause 
or contribute to the violation of 
Surface Water Quality Standards. 

30 TAC Chapter 314 Chapter 314 adopts by reference 40 Sediments The remedial action will be designed to 
CFR Part 129, Subpart A, Toxic meet this ARAR 
Pollutant Standards and 
Prohibitions. The provisions of this 
subpart apply to mvners or operators 
of specified facilities discharging 
into navigable waters. 

15 CFR Part 923 Coastal Zone Management Act Sediment 'Jl1e remedial action will be designed to 

15 CFR Part 930 requirements for dredging and meet this ARAR 
dredged material disposal and 
placement are in 15 CFR Pai1s 923 
and 930. Part 923 sets requirements 
for State coastal management 
programs, while Part 930 deals with 
federal consistency with approved 
Coastal Management Plans. 

30 TAC Chapter 307 The general c1iteria set fo11h in this Sediments The remedial action will be designed to 
chapter apply to surface water in the meet this ARAR 
state and specifically apply to 
substances attributed to waste 
discharges or the activities of man. 
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SECTION 13 - STATUTORY DETERMINATIONS 

STANDARD, REQUIREMENT, CITATION DESCRIPTION MEDIA RATIONALE & DISCUSSION 
CRITERIA, OR Lll\UTATION 

CAP A Hydraulic Controls 40 CFR Part 122 The National Pollutant Discharge Ground Water Under the Superfund Program, an on-site 

30 TAC Chapter 308 Elimination System (NPDES) discharge from a CERCLA site to surface 
program is the national program for water must meet the substantive NPDES 
issuing, monitoring, and enforcing requirements, but need not obtain an 
permits for direct discharges. 40 NPDES permit nor comply with the 
CFR Part 122 requires perrnits for administrative requirements of the 
the discharge of "pollutants" from pem1itting process. The TNRCC set the 
any "point source" into "waters of discharge standards presented in this ROD 
the United States." 30 TAC and Appendix A of the FS. 
Chapter 308 discusses the crite1ia 
and standards for the NPDES. 

40 CFR Part 125, Subpart K Best management practices (BMP) Ground Water Specific goals of BMP provisions include 
under 40 CFR Part 125, Subpart K ensuring that a discharger institutes good 
can be required for the groundwater housekeeping practices; ensuring proper 
treatment system on a case-by-case chemical storage; and controlling 
basis. BMPs are actions or containinated site mnoff; leachate, and 
procedures to prevent or minimize drainage from materials storage areas, 
the potential for the release or spills, and leaks. 
discharge of toxic pollutants or 
hazardous substances in significant 
amounts. 

Witco DNAPL Collection and 30 TAC Chapter 120 Requires the use of "Best Available Air If contaminant-specific e1nission rates are 
Containment Control Technology" and a calculated to be below thresholds 

demonstration that emissions will specified in 30 TAC § 106.533 and 
not be deleterious to human health § 106.262, then the BACT and human 
will be required health demonstrations will not be 

required. 

30 TAC Chapter 335, Any hazardous wastes generated Soil The remedial action will be designed to 
Subchapter C - Hazardous during excavation will need to meet meet this ARAR 
Waste Generators the standards for hazardous waste 

Chapter 335, Subchapter 0 - generators 

Land Disposal Restrictions 
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SECTION 14 - DOCUMENTATION OF SIGNIFICANT CHANGES 

SECTION 14 

Documentation of Significant Changes 

The Proposed Plan for the Alcoa/Lavaca Bay Site was released for public comment on June 21, 
2001. The Proposed Plan identified RAA Bay-4A (Source Control, Hot Spot Removal, Key 
Biological Area Response, and Enhanced Natural Recovery North of Dredge Island) as the 
preferred alternative for the Bay System, RAA CAPA-3 (Capping and Institutional Control) as the 
preferred alternative for Chlor-Alkali Process Area Soils, and RAA Witco-2 (Capping and 
Institutional Controls) as the preferred alternative for Fonner Witco Area Soils. EPA reviewed all 
written and oral comments submitted during the public comment period and determined that no 
significant changes to the remedies, as originally identified in the Proposed Plan, were necessary or 
appropriate. 

One change from the Proposed Plan is a clarification of the anticipated results of the RA Os. As 
presented in the Proposed Plan, the RA Os are designed to allow the reduction of mercury levels in 
fish tissue such that the overall risk throughout Lavaca Bay will approach that which would be 
present but for the historic Point Comfort operations. The predicted health risks associated with 
consumption of fish from Lavaca Bay, as well as all bays, using the average consumption rate and 
reasonable maximum exposure (RME) consumption rates were presented in the Proposed Plan. 
Potential health risks were estimated for four different exposure groups. Using both the average and 
RME fish consumption rates, the potential health risks for "Lavaca Bay Fishem1en'', are not 
significantly different than the potential health risks for "All Fishermen". The predicted risk for 
"Lavaca Bay and Closed Area Fishennen" and "Closed Area Fishermen" are approximately twice 
as high as the potential risk for a "Lavaca Bay Fishermen" or "All Fishennen". Therefore, the 
predicted unacceptable health risk from consuming fish and shellfish associated with releases from 
the Alcoa Point Comfort operations is focused generally within the vicinity of the Closed Area of 
Lavaca Bay. 

Even though predicted unacceptable risk may be present due to non-site related contamination, a 
remedial action at a Superfund site is to address contamination at or from the site. At the Alcoa site, 
even though there may be unacceptable risks identified for "Lavaca Bay Fishermen", the predicted 
risk appears to not be significantly different than the predicted risk for "All Fishennen". The Closed 
Area of Lavaca Bay is generally that area in which unacceptable risks from consumption of fish 
and shellfish can be attributed to past releases from Alcoa given the uncertainties associated with the 
toxicity of methylmercmy, fish consumption rates and sediment to biota accumulation factors. 
Therefore, the remedial actions to reduce or control risk to human health and the environment are 
focused within the Closed Area of Lavaca Bay and areas of Lavaca Bay in the general vicinity of 
the cmrent Closed Area. Regardless of the fish consumption rate used (RME or average), there is 
no change in the remedial actions proposed for the site. 
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SECTION 14 - DOCUMENTATION OF SIGNIFICANT CHANGES 

The cost estimates presented in the ROD are slightly different than the cost estimates presented 
in the FS. The FS used a 5% discount rate for calculating the present worth costs. A discount rate 
of 7% should have been used in calculating the present worth costs. Accordingly, the cost estimates 
presented in the ROD are based on -a 7% discount rate. 
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APPENDIX A - RESPONSIVENESS SUMMARY 

Appendix A 

Responsiveness Summary 
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APPENDIX A - RESPONSIVENESS SUMMARY 

Alcoa/Lavaca Bay Superfund Site 

Point Comfort, Texas 

Record of Decision 

Responsiveness Summary 

The Responsiveness Summary provides information about the views of the public, government 
agencies, the support agency, and potentially responsible parties (PRPs) regarding both the 
remedial alternatives and general concerns about the site submitted during the public comment 
period. It also documents in the record how public comments were considered in the decision
making process and provides answers on behalf of EPA to the issues raised. 

This Responsiveness Summary is prepared from written and oral comments received during the 
public comment period on the Proposed Plan. The comment period ran from June 21, 2001, until 
August 29, 2001. A public meeting to discuss the proposed plan was held on June 28, 2001, at the 
Bauer Community Center in Port Lavaca, Texas. A transcript of the meeting was prepared and is 
part of the Administrative Record, along with written comments received by EPA. 
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Potentially Responsible Party Comments 

1. Comment: Alcoa maintains that the alternate reference dose (RID) that was specifically 
approved by EPA for the Lavaca Bay site is more appropriate than the EPA RfD that was 
recently posted on the Integrated Risk Information System for both procedural and substantive 
reasons. Procedurally, EPA specifically approved the development of the alternative RID. The 
effort to develop a methyl mercury RID representative of the Lavaca Bay fish eating population 
was undertaken only after receiving written verification from EPA that the effort would be 
appropriate and, consistent with policy directives developed by Administrator Browner. The 
Company, relying on that specific approval, invested significant financial and technical 
resources. On a substantive level, EPA's subsequent decision to reject the extensively peer 
reviewed alternative RID is a decision which does not follow good science with respect to the 
application of site specific risk assessments. As discussed below, the use of the highly 
conservative EPA IRIS RID overstates the potential risk to Lavaca Bay. It is not our intention 
to question whether the use of the EPA RfD is a reasonable point of departure to begin the 
development of environmental programs with the ultimate aim of reducing the mercury burden 
in the enviromnent. However, EPA should reconsider the application of the RID specific to 
Lavaca Bay. 

Response: The alternative reference dose is part of the Administrative Record for the Alcoa 
(Point Comfort)/Lavaca Bay Superfund site and is presented in the Baseline Risk Assessment 
prepared for the site. The alternative reference dose (RfD) and EPA Integrated Risk Information 
System (IRIS) RID are used in the remedial decision-making process. The alternative RID 
illustrates the uncertainty surrounding the EPA RID. All RIDs have an order of magnitude 
uncertainty (a factor of 3 above and below the RID). 

Comment Continued: Alcoa objects to the quantitative exclusion of the Seychelles Islands 
data during the development ofEPA's RfD. It is a ve1y important piece of information in the 
proper evaluation of the toxicity of methyl mercmy. It should be included in the quantitative 
estimate of the methyl mercury RID. In fact, ATSDR considered the Seychelles Islands data 
when estimating its minimal risk level (MRL), which serves as their basis for making public 
health decisions. Additionally, the Food and Drug Administration (FDA) has chosen to delay 
revising its action level pending the findings of prospective studies of fish-eating populations in 
the Seychelles Islands (EPA, 2000). Furthermore, the Texas Department of Health, under 
contract to ATSDR to perform public health evaluations at Texas Superfund sites, continues to 
use an RID that is essentially equivalent to that which was derived in the Lavaca Bay site
specific alternative RID. The TDH recently reduced the size of the Closed Area after reviewing 
both Alcoa and TDH fish tissue data. 
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Response: As explained briefly in the Proposed Plan, historically, the development of a new 
RID for mercury followed a trajectory quite separate from the site-specific investigations in 
progress at Lavaca Bay. 

Congress directed EPA, through the House Appropriations Report for Fiscal Year 1999, to 
contract with the National Research Council (NRC), a body of the National Academy of 
Sciences (NAS), to evaluate data on the health effects of methylmercury. The NRC reviewed 
three studies that it considered suitable for quantitative analysis: the Seychelles Islands study, 
the Faroe Islands study and the New Zealand study. The NRC chose the Faroe Islands study as 
the most appropriate study on which to base an RID and EPA concurs with this assessment. 
The Faroe Islands and the New Zealand studies found dose-related adverse effects to in utero 
methylmercury exposure, whereas the Seychelles study did not find evidence of dose related 
adverse effects. The Faroe Islands study, the larger of the two studies that identified 
methylmercury-related developmental neurotoxicity, provided the statistical power to detect 
adverse outcomes. The EPA IRIS W orkgroup agreed with the NRC that a positive study that 
shows statistically significant associations between prenatal exposure and adverse outcomes, is 
the strongest public health basis for an RID. 

Use of the RID or other data by other state and federal regulatory authorities is interesting but 
not of primary relevance to the issue immediately at hand, selection of a remedial action under 
CERCLA and the National Contingency Plan. Although all the agencies named in the comment 
are generally involved in protection of public health, there is little if any redundancy in the 
specific missions of ATSDR, FDA, TDH, and EPA. A close look at the kinds of studies 
conducted by these agencies, not surprisingly, indicates that while they may draw from common 
sources of information, the purposes for which the information is used are very different. A 
detailed analysis of the differences is beyond the scope of this response, but suffice it to say that 
the methodologies employed by each agency (and sometimes by different programs within each 
agency) are structured differently to accomplish different objectives. Generally, there is great 
diversity in risk assessment policies, procedures, assumptions, and other choices. The legal 
context which requires a pat1icular kind of risk assessment in service of a pat1icular regulatory 
objective detennines the goals and methods to be used in conducting it. For EPA's purposes in 
the Superfund program, those choices are guided by the Risk Assessment Guidance for 
Superfund (RAGS). 

EPA relies heavily on infom1ation concerning contaminant toxicity and the potential for human 
exposure to support its decisions concerning "protectiveness." EPA's risk assessment methods 
provide a framework for considering site-specific information in these areas in a logical and 
organized way. To improve program efficiency and consistency, EPA has extensive guidance 
for characterizing site-specific risks and identifying preliminary remediation goals. 55 FR 8709 
(March 8, 1990). Thus, other state and federal programs' use of the RID is not necessarily 
relevant to the validity of an EPA risk assessment conducted according to the CERCLA, the 
NCP, Risk Assessment Guidance for Superfund and other relevant guidance. Region 6 has 
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considered the infonnation generated by Alcoa, included it in the Administrative Record for this 
Site, and used portions of it as appropriate in the site-specific risk assessment. 

Comment continued: Based upon a review of the published information, it is clear to Alcoa 
that the fish consumption patterns of the Seychelles Islands are very similar to Lavaca Bay 
consumption patterns. Section 2.2.6 of the "Reference Dose to Methylmercury" (EPA, 2000), 
discusses the effect of continuous vs. sporadic fish consumption. The authors arbitrarily 
conclude that binge eating consumption patterns of the Farnese may be more like those in the 
U.S. since "Most sport fishers consume fish on an intermittent basis." While this may be an 
accurate statement for some areas of the U.S., the temperate climate and abundant fisheries of 
Lavaca Bay and surrounding bays, allow productive fishing throughout virtually the entire year. 
Moreover, the results of the Site Specific Consumption Study confirm that binge eating is not 
the prevalent consumption pattern on the Texas Gulf Coast. 

Marine mammals apparently contribute significantly to the diet of the Farnese. During the 
Lavaca Bay Consumption Study, no respondent reported eating marine mammals. This 
distinction is significant. Given the much higher concentrations of mercury (and presumably 
polychlorinated biphenyls) in marine mammal muscle and blubber compared to that in fish, 
exposure patterns and mercury body burdens are likely to be very different between the Farnese 
and the Lavaca Bay fish-eating population. The difference in exposure potential between the 
Faroe Islands and Lavaca Bay fish-eating populations makes an RID based on the Faroe Islands 
data (i.e., IRIS RID) inappropriate for use in Lavaca Bay. 

Response: The people in the Faroe Islands had a sporadic exposure pattern, whereas, the 
people in the Seychelles Islands had a more continuous exposure pattern. The degree to which 
the differences in exposure pattern between the studies accounts for differences in outcome is 
uncertain. In the U.S., including people consuming fish from Lavaca Bay, both patterns of 
exposure could be exhibited. Sport fishers could consume fish on a sporadic basis. Therefore 
the fish consumption pattern of the Faroe Islands can be used to represent the pattern of 
exposure in the U.S. population to methylmercury from fish consumption. 

The Farnese consume fish approximately three meals a week as well as Pilot-whale meat. Pilot
whale meals are relatively infrequent (less than once per month). Infrequent consumption of 
whale-meat by the Farnese does not preclude the use of the Faroe Islands study as a basis of an 
appropriate RID. 

Comment continued: Furthermore, in EPA's recent response to comments (see Attachment A 
for responses and Attachment B for public comments) on the Methyl Mercury RID, EPA 
provides fish tissue mercury data from samples collected in the U.S (Table A-2) to show that 
mercury concentrations in U.S. fish are similar to concentrations measured near the Faroe 
Islands. EPA provides maximum concentrations in this table but later states, "These levels do 
not simply reflect a maximum far above the remainder of the data." These concentrations are, in 
general, much higher than even the maximum concentrations measured in Lavaca Bay, except 
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for fish caught in the Closed Area. Additionally, the species listed in EPA's table are freshwater 
fish and thus are not species found in Lavaca Bay. Through the Lavaca Bay Consumption 
Study, Alcoa documented the types of fish caught in Lavaca Bay as well as the quantity of fish 
consumed. The RID for Lavaca Bay should be based on a population whose exposure patterns 
and exposure potential are similar to those of the recreational anglers in Lavaca Bay. The 
Seychelles Islanders' exposure clearly is more similar to Lavaca Bay fishennen than the 
Farnese. 

Response: The maximum concentrations of mercury in red drum, black drum, spotted seatrout 
and southern flounder in the closed area are within the range of maximum mercury 
concentrations for fish species listed in Table A-2. The frequency of fish consumption for the 
Seychelles Islanders, Farnese and Lavaca Bay residents (RME) are approximately 12, 3 and 2 
meals per week, respectively. The frequency of fish consumption of Lavaca Bay residents 
appears to be reflected by the Farnese rather than the Seychelles Islanders. 

Table A-2. Maximum Mercury Concentrations in Selected Fish Species 

(Alcoa/Lavaca Bay fish are italicized) 

Fish Species 11-faximum 1Y"ercury1 Concentration in ppm 

Largemouth bass 8.94 

Smalhnouth bass 5.0 

Red drum (closed area) 4.45 

Black drum (closed area) 3.76 

Yellow perch 3.15 

Chain pickerel 2.81 

Lake trout 2.70 

Walleye 2.04 

Spotted seatrout (closed area) 1.49 

Southern flounder (closed area) 1.21 

Brown bullhead 1.10 

Brook trout 0.98 

Comment continued: Since other well-designed studies were available, it is inconceivable that 
NRC selected a critical study where polychlorinated biphenyl (PCB) concentrations were very 
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high as the basis for the methyl mercury RID, given that PCBs are known to cause neurotoxic 
effects following prenatal and postnatal exposure (ATSDR, 1998). PCBs have been measured 
in pilot whale blubber at about 30 parts per million (ppm) and it is estimated that the Farnese 
consume about 200 µg of PCBs per day via fish tissue, whale meat, and blubber ingestion 
(Weihe, et al, 1996). It should be noted that this value is much greater than the RID for Aroclor 
1254 and similar to the Lowest Observable Adverse Effects Level (LOAEL) provided in the 
EPA IRIS toxicity profile that serves as the basis for the RID. In addition, the FDA 
recommends a Tolerable Daily Intake for PCBs of about 60 to 70 µg PCBs per day for adults. 

Notwithstanding the issue of co-contamination in the critical study, PCB data for fish collected 
in Lavaca Bay (TDH, 1998) show significantly lower PCB concentrations (most samples did not 
contain detectable results for PCBs) than the concentrations likely to be present in the fish and 
marine mammals around the Faroe Islands. The difference in potential PCB exposure makes an 
RID based on the Faroe Islands data inappropriate for making risk management decisions at 
Lavaca Bay. 

Response: The neurological effects of polychlorinated biphenyls (PCBs) can be separated from 
the neurological effects of methylmercury. In the Faroe Islands study, Grandjean et al. (1997) 
perfonned a series of analyses to ascertain if the PCB and methylmercury effects could be 
separated. The regression coefficients for mercury adjusted for PCBs are not significantly 
different from those not adjusted for PCBs with the exception of the Boston Naming test. 

Grandjean, P., P. Weihe, R. White, F. Debes, S. Arak, K. Yokoyama, K. Murata, N. Sorensen, 
R. Dahl, and P. Jorgensen. 1997. Cognitive deficit in 7-year-old children with prenatal 
exposure to methylmercury. Neurotoxicol. Teratol. 19 ( 6): 417- 428. 

Comment continued: If risk is estimated based upon EPA's RID and the 90th percentile 
ingestion rate (as determined in the Consumption Survey), any female of childbearing age 
consuming fish from Texas bays is potentially at risk. This suggested result, however, is an 
artifact of the risk assessment process, specifically an overly conservative RID. It simply does 
not accurately reflect an actual or even potential risk since neurotoxicity has not been observed 
in the Texas bays fish-eating population. (An epidemiological study has not been perfonned for 
the Texas Coast but ATSDR has completed a Public Health Assessment [Attachment CJ for the 
Lavaca Bay area and, in general, risk to the fish-eating population was not predicted, except to 
those eating fish from the Closed Area.) In addition, this conclusion is not consistent with 
existing TDH or EPA fishing advisories for mercmy or ATSDR's 1995 Public Health 
Assessment (see Attachment C) and TDH's 2000 Health Consultation (see Attachment D) 
performed for the area. We do not believe that EPA' s arbitrary adoption of the IRIS RID is a 
responsible way to communicate potential risks associated with Lavaca Bay. 

In conclusion, Alcoa does not support using EPA's RfD for making risk management decisions 
at Lavaca Bay because it: l) is based on a critical study with very different exposure than that 
which may occur at Lavaca Bay; 2) is generally inconsistent with the practices used by other 
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health agencies charged with protecting human health (e.g., TDH), and 3) Alcoa, with specific 
approval from EPA, conducted a site specific risk study and the results of that peer reviewed 
evaluation are available for making risk decisions about the Lavaca Bay Superfund Site. 

Response: The purpose of the EPA risk assessment is different than the mission of other 
agencies. Using the EPA RID for methylmercury and the 90th percentile ingestion rate for 
women of childbearing age (45 g/day), the children of women that eat fish exclusively from 
other bays have a noncarcinogenic hazard quotient of approximately one and are not considered 
at risk. 

The EPA RID is appropriate for risk management decisions because: 1) sporadic exposure of 
the critical study could occur at Lavaca Bay, 2) other health agencies may consider different 
factors than EPA in developing their health value, and 3) the alternative RID is part of the 
Administrative Record for the Alcoa (Point Comfort)/Lavaca Bay Superfund site and is 
presented in the Baseline Risk Assessment prepared for the site. The alternative reference dose 
and EPA's Integrated Risk Information System (IRIS) reference dose are used in the remedial 
decision-making process. 

2. Comment: The EPA RID of 0.1 mg/kg-day relies upon an unce11ainty factor of l 0 -- 3 to 
account for 1) pharmacokinetic variability, 2) uncertainty in estimating an ingested mercury 
dose from cord-blood mercury concentration and 3) pharmacodynamic variability and 
uncertainty (EPA, 2001). In other words, to derive the RID, EPA had to make assumptions 
about mercury intake (i.e., fish and marine mammal consumption and corresponding mercury 
concentrations in the ingested fish and whales) of an individual given the cord-blood levels. 

The results of a questionnaire given to adults in the Faroe Islands indicated a daily consumption 
of72 grams offish, 12 grams of whale muscle, and 7 grams of blubber. Average mercury 
concentrations in cod fish, the most commonly consumed fish by the Farnese, are about 0.07 
part per million (ppm) while whale muscle in the Faroe Islands area contained an average 
mercury concentration of 3 .3 ppm, about half of which was methyl mercury (Clewell et al., 
1998). TERA (TERA, 2000) estimated a total daily intake of25 µg of mercury per day from 
ingestion of fish and marine mammals (5 µg from fish and 20 µg from whale tissue). 

Based on the results of the Consumption Study conducted by Alcoa and the immense fish tissue 
database for Lavaca Bay, Alcoa has an excellent understanding of the daily dose of mercury the 
fish-eating population ingests. In fact, we have detennined that the average Lavaca Bay fish 
consumer ingests about 5 µg of mercury per day, and the high-end (RME) Lavaca Bay fish 
consumer ingests about 12 µg of mercury per day. The high-end Lavaca Bay/Closed Area 
fisherman ingests about 24 µg of mercury per day. 

Since much is known about ingested mercmy dose to the Lavaca Bay fishermen, it is 
unnecessary and overly conservative to apply an uncertainty factor of 3 in the RfD to account 
for uncertainty in estimating an ingested mercury dose from cord-blood mercury concentration 
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in the critical study. In addition, in the critical study for the RID, no threshold arose related to 
neurotoxicity within the range of exposures in the Faroe Islands (EPA, 2001). Given the similar 
dose between the Farnese and the Lavaca Bay fishermen, one would expect to see similar 
toxicity. Toxicity, however, has not been observed in the Lavaca Bay fish-eating population. 
(An epidemiological study has not been perfonned for the Texas Coast but ATSDR has 
completed a Public Health Assessment [Attachment CJ for the Lavaca Bay area and, in general, 
risk to the fish-eating population was not predicted, except to those eating fish from the Closed 
Area.) 

Alcoa requests that EPA reduce the uncertainty factor of 10 used in the RID to 3 for the Lavaca 
Bay site. We believe this adjustment is appropriate for the Lavaca Bay site for the reasons listed 
above. 

Response: All RfDs have an order of magnitude uncertainty (a factor of 3 above and below the 
RID). A composite uncertainty factor of 10 was used in deriving the RID for methylmercury. 
The UF accounted for 1) pham1acokinetic variability and uncertainty in estimating an ingested 
mercury dose from cord-blood mercury concentration (a factor of 3 was applied) and 2) 
pharmacodynamic variability and uncertainty (a factor of 3 was applied). Choosing an overall 
uncertainty factor of 10 is supported by additional analyses of the Farnese neuropsychological 
data, wherein the observations made of the most highly exposed subgroup were excluded from 
the model (Grandjean et al., 1997). Associations remained significant when the part of the 
cohort with maternal-hair mercury concentrations greater than 10 ppm was excluded from the 
analyses. This finding indicates that it would be reasonable to expect some percentage of the 
population to show effects at or below 10 ppm hair mercmy, or at levels at or below 40 ppb 
cord-blood. Since the RID is based on human data, additional uncertainty factors are not 
needed. 

Much is known about ingested methylmercmy dose to the Lavaca Bay fishers from the site
specific fish and shellfish consumption study and the analysis of fish and shellfish for mercury. 
The relationship between maternal blood and fetal blood was not measure at the Lavaca Bay 
site. The pharmacokinetic variability still remains and an uncertainty factor of 3 is warranted. 

The population of the Faroe Islands is descended from Scandinavian stock that settled many 
generations ago, and is extremely homogeneous. The average toxicodynamic response of this 
population compared with that of the Lavaca Bay fishers, which is genetically much more 
diverse, is unknown. Therefore the phannacodynamic variability still remains and an 
uncertainty factor of 3 is warranted. 

3. Comment: Alcoa is concerned about the conflicting and confusing messages that the public 
receives given the inconsistencies in the different policies of the different agencies charged with 
protecting human health. For example, TDH believes that catching and consuming fish from 
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Lavaca Bay poses no adverse risk and, as such, their fishing advis01y only applies to the Closed 
Area of Lavaca Bay. EPA's fish consumption advisory is general in nature and would not even 
require that the catching and eating fish from the Closed Area be curtailed. However, when 
using the RME ingestion rate coupled with EPA's RID to develop a Remedial Action Objective 
(RAO), all of Lavaca Bay as well as Lavaca Bay present unacceptable risks to the fish eating 
populations. As such, Alcoa would be responsible for reducing fish tissue concentrations to 
levels below which TDH and EPA find of concern. Alcoa believes that this is, in part, due to an 
overly conservative RfD coupled with a high-end ingestion rate. If the EPA RID is used as the 
basis for the RAO for Lavaca Bay, Alcoa requests that this issue be considered when making 
risk management decisions for the site. 

Response: EPA recognizes that numerous Federal and state agencies are involved in 
establishing protective levels of mercury in fish and shellfish. However, agencies such as the 
Texas Department of Health consider both the potential risk associated with consuming seafood 
with elevated mercury concentrations as well as the nutritional benefits from consuming 
seafood. In predicting risks at Superfund sites using RAGS, EPA does not have the latitude to 
consider health benefits from fish consumption but evaluates the risk to human health from 
consuming fish. 

The purpose of the risk assessment is to provide a framework for developing risk information 
necessary to assist decision-making at remedial sites. A risk assessment provides a consistent 
process for evaluating and documenting threats to human health and the environment. One 
objective of the risk assessment is to provide an analysis of the risks that exist if no remediation 
or institutional controls are applied. The results of the baseline risk assessment are used to 
detennine whether remediation is necessaiy, to help provide justification for performing 
remedial action, and to assist in detennining what exposure pathways need to be remediated. A 
second objective of the risk assessment is to use the risks and exposure pathways developed in 
the baseline risk assessment to target chemical concentrations associated with levels of risk that 
will be adequately protective of human health and the environment. 

The likelihood of the exposure actually occurring should also be considered when deciding the 
appropriate level of remediation. Risk assessments conducted at Superfund sites should take 
into consideration background concentrations and conditions and should identify critical 
assumptions and uncertainties in the risk assessment. Key assumptions and uncertainties in both 
contaminant toxicity and human and environmental exposure estimates must be documented in 
the baseline risk assessment as well as the sources and effects of uncertainties and assumptions 
on the risk assessment results. These assumptions and uncertainties must be considered in 
developing remediation goals. As noted above, a Superfund risk assessment is not an end in 
itself. Rather, it is a study perfonned in a particular way in order to inform the risk management 
decision, the outcome of the NCP process which relies on Remedial Investigation, Risk 
Assessment and Feasibility Study. The purpose of the process as a whole is select and 
implement remedies that abate risks to human health and the environment. 
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Using the results of the Baseline Risk Assessment, the following Remedial Action Objectives 
(RA Os) were presented in the Proposed Plan: 

1) eliminate or reduce to the maximum extent practical mercmy loading from on-going 
unpermitted sources to Lavaca Bay; 

2) reduce to an appropriate level mercury in surface sediments in sensitive habitats; and 

3) reduce to an appropriate level mercury in surface sediments in open-water that represent 
a pathway by which mercury may be introduced into the food chain. 

These RA Os are designed to allow the reduction of mercmy levels in fish tissue such that the 
overall risk throughout Lavaca Bay will approach that which would be present but for the 
historic Point Comfort operations. The RAOs in the Proposed Plan set out numerical mercury 
sediment goals but do not specifically set a protective fish concentration level. 

Target sediment cleanup goals for sediments are based on the locations where finfish and 
shellfish data suggest the opportunity for mercury to enter the food chain is concentrated. 

Two areas of uncertainty that are discussed in the Baseline Risk Assessment are the 
finfish/shellfish consumption rates and the reference dose (RID) for methylmercury. In general, 
the RID is not a "bright line" between safety and toxicity; however, there is a progressively 
greater concern about the likelihood of adverse effects above this level. The RID is used to 
estimate a level of envirorunental exposure at or below which no adverse effect is expected to 
occur. The RID is an estimate, with uncertainty spanning perhaps an order of magnitude, of a 
daily exposure to the human population that is likely to be without appreciable risk during a 
lifetime. RfDs are based on an assumption of lifetime exposure and may not be appropriately 
applied to less-than lifetime exposure situations. 

The predicted health risks associated with consumption of fish from Lavaca Bay, as well as all 
bays, using the average consumption rate and reasonable maximum exposure (RME) 
consumption rates were presented in the Proposed Plan. Potential health risks were estimated 
for four different exposure groups. Using both the average and RME fish consumption rates, 
the 

potential health risks for "Lavaca Bay Fishennen"8
, are not significantly different than the potential 

health risks for "All Fishennen"9
. The predicted risk for "Lavaca Bay and Closed Area 

Lavaca Bay Fishe1men - fishermen who fished mostly in Lavaca Bay, but not in the Closed Area 

9 
All Fishermen - fishermen who fished in Lavaca Bay, but also in other Texas Bays 
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Fishermen"10 and "Closed Area Fishermen"11 are approximately twice as high as the potential risk 
for a Lavaca Bay Fishennen or All Fishermen. Therefore, the predicted unacceptable health risk 
from consuming fish and shellfish associated with releases from the Alcoa Point Comfort operations 
is focused within the Closed Area of Lavaca Bay and areas of Lavaca Bay in the general vicinity of 
the Closed Area. Additionally, based on the average consumption rate (which is similar to the 
recommended fish consumption rate of 24 grams/ day presented in EPA' s fish consumption 
advisory), the predicted unacceptable risks are generally restricted to exposure scenarios where a 
receptor consumes fish and shellfish from the current fish closure area. 

It should be clarified that EPA's January 2001 Consumption Advisory is a national advisory 
concerning risks associated with mercury in freshwater fish caught by friends and family. In the 
advisory, EPA recommends that to protect against the risks of mercury in fish caught in 
freshwater, fish consumption should be limited to one meal per week for adults (one fish meal is 
considered 6 ounces or 24 grams per day of cooked fish). EPA recommends that women who 
are or could become pregnant, nursing mothers and young children follow the FDA advice for 
coastal and ocean fish caught by family and friends. The FDA advises pregnant women and 
women of childbearing age not to eat shark, swordfish, king mackerel, and tilefish. FDA fm1her 
states that these women can safely eat 12 ounces per week (12 ounces per week is equivalent to 
48 grams/day) of cooked fish. The FDA consumption advis01y rate is similar to the RME fish 
consumption rate of 45 grams/day. 

Even though predicted unacceptable risk may be present due to non-site related contamination, a 
remedial action at a Superfund site is to address contamination at or from the site. At the Alcoa 
site, even though there may be unacceptable risks identified for "Lavaca Bay Fishermen", the 
predicted risk appears to not be significantly different than the predicted risk present for "All 
Fishermen". The Closed Area of Lavaca Bay and areas of Lavaca Bay in the general vicinity of 
the Closed Area are the areas in which unacceptable risks from consumption of fish and 
shellfish can be attributed to past releases from Alcoa given the uncertainties associated with the 
toxicity of methylmercury, fish consumption rates and sediment to biota accumulation factors. 
Therefore, the remedial actions to reduce or control risk to human health and the environment 
are focused within the current Closed Area and areas of Lavaca Bay in the general vicinity of 
the Closed Area. Regardless of the fish consumption rate used (RME or average), there is no 
change in the remedial actions proposed for the site. 

4. Comment: Since the alternate RID for the Lavaca Bay site was developed in 1998 and more 
recent data may be available, an independent review of the alternate RID was perfonned to 
determine if it is still appropriate given more recent publications. This review is contained in 
Attachment E. 

10 
Lavaca Bay and Closed Area Fishermen - fishermen who fished mostly in Lavaca Bay, but occasionally in the Closed Area 

II 
Closed Area Fishermen - fishermen who fished mostly in the Closed Area 
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Response: The Preamble to the 1990 National Contingency Plan gives guidance to EPA about 
the manner in which EPA should consider information on toxicity proffered by PRPs or other 
interested parties: 

" ... EPA will, of course, consider such public comments on toxicity. However, it is 
important to note that the Superfund risk assessment process typically relies heavily on 
existing toxicity information or profiles that EPA has developed on specific chemicals. EPA 
believes that the use of a consistent data base of toxicological information is important in 
achieving comparability among its risk assessments. This information generally includes 
estimated carcinogen exposures that may be associated with specific lifetime cancer risk 
probabilities (risk-specific doses or RSDs) and exposures to noncarcinogens that are not 
likely to present appreciable risk of significant adverse effects to humans (including 
sensitive subgroups) over lifetime exposures (reference doses or Rills). EPA has also 
developed toxicity information for some ecosystem receptors. Where no toxicological 
information is available in EPA's data base, then EPA routinely considers other available 
infom1ation, including infom1ation provided by PRPs or other interested parties. Depending 
on the evidence, however, EPA may feel it is not appropriate to assess the toxicity of 
specific chemicals quantitatively because of the questions of reliability and consistency in 
data development. EPA may decide to address these chemicals qualitatively. 

The results of the baseline risk assessment are used to understand the types of exposures and 
risks that may result from Superfund sites. Key assumptions and uncertainties in both 
contaminant toxicity and human and environmental exposure estimates must be documented in 
the baseline risk assessment as well as the sources and effects of uncertainties and assumptions 
on the risk assessment results. Exposure assumptions or other information, such as additional 
toxicity information, may be evaluated to determine whether the risks are likely to have been 
under-or overestimated. These key assumptions and uncertainties must also be considered in 
developing remediation goals. 55 FR 8711. 

Generally, the assumptions used in conducting CERCLA risk assessments are precautionary in 
nature. Where there are options or variables available among the assumptions to be used, 
generally the assumption chosen for use will be conservative so as not to underestimate risks. 
The RID for mercury used in the risk assessment for the Lavaca Bay Site is based on the 2000 
National Academy of Sciences report. Use of the RID is consistent with current national policy, 
and appropriate for use in this Superfund risk assessment. To the extent that Alcoa has 
developed additional, site-specific information which may have some bearing on risk issues in 
contexts other than Superfund risk assessment, Alcoa is at liberty to use that data in an 
appropriate context. 

5. Comment: Page 12. On page 9 (Role of Ongoing Sources, CAPA Groundwater), the range of 
mercury flux estimates is listed as 0.4 to 90 pounds per year. However, in a subsequent section 
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(page 12, Sitewide Investigations, Groundwater, Plant/Mainland Perimeter Study), the range is 
given as 10 to 50 pounds per year. Later in the PRAP, the range is again given as 0.4 to 90 
pounds per year. Alcoa suggests that the text be revised on page 12 to ensure consistency 
throughout the document. 

Response: EPA agrees with the comment and will consistently present the mercury flux 
estimate of 0.4 to 90 pound per year in the Record of Decision. 

6. Comment: Page 23, end of first partial paragraph. The sentence, "The HI for this exposure 
pathway was significantly below levels of concern" should be revised as follows: "The HI and 
cancer risk estimates for this exposure pathway were significantly below levels of concern" to 
make it clear that cancer risks were also estimated for this pathway. 

Response: EPA will include the following text in the Record of Decision. "The HI for dermal 
exposure to mercury in sediments was significantly below levels of concern. Also, the lifetime 
incremental cancer risk was estimated at 3 x 10-6 for dermal exposure to total PAHs in 
sediments." 

7. Comment: Page 23, end of third full paragraph. The last two sentences, "As such, the RME is 
useful for predicting human ..... more conservative assumptions included in an RME" should be 
deleted. We suggest inserting the following text to provide additional information related to the 
objectives of the Consumption Study and what these data represent. 

"The Consumption Study was designed to evaluate fishing and consumption patterns of 
individuals living near the Bay because these individuals are the most likely to fish most 
frequently in the Bay. These data were important to assess Natural Resource Damages as well 
as to support the RME scenario in the BLRA. The study was conducted during November, a 
month where fishing is extremely productive, to ensure that fish consumption was not under
estimated for the remainder of the year. 

Approximately 3,500 surveys were sent out to licensed fishermen. About 2,000 people 
responded (35% of respondents were women of child-bearing age). Of the almost 2,000 
respondents who reported fishing along the Texas coast, 370 reported fishing in Lavaca Bay 
occasionally, and 23 reported fishing in the Closed Area at least once. (This second value 
would be smaller now since Cox Bay has been removed from the Closed Area and several 
anglers in the Consumption Study reported fishing only in the Cox Bay area of the Closed 
Area.) It is important to note that, in general, the fishermen with the highest consumption rates 
typically fished outside Lavaca Bay and ate mostly flounder." 

Response: EPA concurs with the above comment but prefers to modify the last sentence of the 
first paragraph to be consistent with the uncertainty discussion of the Baseline Risk Assessment. 
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Therefore the recommended last sentence of the first paragraph will not be included but the 
following text will be included. 

"The survey was conducted in November when there likely is greater frequency of fishing 
activities and higher consumptive use of the fish resources when compared to the rest of the 
year. As a result, some parameters, especially the consumption rate, were highly influenced 
by specific fishing patterns that are more common for this time of the year." 

The remainder of the suggested text will be included in the uncertainty discussion in the risk 
assessment portion of the Record of Decision. 

8. Comment: Page 24, first sentence of first paragraph. The sentence should be revised as 
follows: "Predicted health risks associated with consumption of fish from Lavaca Bay (i.e., 
Lavaca Bay Fishennan and Closed Area fishern1an) as well as all bays (i.e., the "All Fishern1en" 
scenario) using the average site-specific consumption rate (18 grams/day) and RME 
consumption rate (45 grams/day) as well as EPA's average and RME consumption rates (7 and 
26 grams/day) are as follows:" 

Response: The purpose of the remedy selection process is to implement remedies that 
eliminate, reduce, or control risks to human health and the enviromnent. Remedial actions are 
to be implemented as soon as site data and information make it possible to do so. 40 C.F.R. 
§300.430( a)(l ). Site-specific data needs, the evaluation of alternatives, and the documentation 
of the selected remedy should reflect the scope and complexity of the site problems being 
addressed. 40 C.F.R. §300.430(a)(l)(ii)(C). 

As reflected in the above quotations from the NCP, the question of how much investigation is 
sufficient to support a remedial action decision is a site-specific one. At this site, a number of 
Alcoa's comments on the Proposed Plan raise issues associated with various input parameters 
for the risk assessment. In many of these instances, the practical outcome - anything from an 
action level for a particular environmental medium to a component of the proposed remedial 
action - do not change. The remedial investigation, risk assessment, and feasibility study 
carried out at this site beginning in 1994 has been thorough, comprehensive, and appropriate to 
the scope and complexity of enviromnental problems presented by this site. Given that each 
step in the NCP process is sequential, and that subsequent steps rely on data generated in earlier 
ones, revisiting at this stage issues which were adequately addressed in earlier stages of the 
process for this site serves no good purpose and may result in delay in implementing the 
remedial action. 

9. Comment: Page 24, summary table with Hazard Indices. The table should be revised as 
follows: (Note that a Closed Area Fisherman scenario was not included since no anglers 
reported fishing only in the Closed Area. Rather, the Lavaca Bay/Closed Area fisherman 
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scenario was used to represent the angler that fishes in Lavaca Bay and rep01ied fishing in the 
Closed Area.) 

Site-Specific Site-Specific EPA, 1997 EPA, 1997 

Ave. Ingestion RME Ingestion Ave. Ingestion 95th percentile 

Rate (18 g/d) Rate (45 g/d) Rate (7 g/d) Ingestion Rate 

Scenarios (26 g/d) 

All1 <l 2 <1 <1 

LB2 <l 2 <l 1 

LB/CA3 2 4 <l 2 

All Fishermen - fishermen who fished in Lavaca Bay, but who fished mostly in other bays. 

2 LB Fishermen - Lavaca Bay fishermen who fished mostly in Lavaca Bay, but not in the Closed Area. 

3 LB/CA Fishe1men - Lavaca Bay fishermen who fished in Lavaca Bay and reported consuming fish 
from the Closed Area. 

Response: At the Alcoa site, even though there are unacceptable risks identified for 
"Lavaca Bay Fishermen", the predicted risk appears to not be significantly different than the 
predicted risk present for "All Fishermen". The Closed Area of Lavaca Bay is generally that 
area in which unacceptable risks from consumption of fish and shellfish can be attributed to 
past releases from Alcoa given the uncertainties associated with the toxicity of 
methylmercury, fish consumption rates and sediment to biota accumulation factors. 
Therefore, the remedial actions to reduce or control risk to human health and the 
enviromnent are focused within the current Closed Area and areas of Lavaca Bay in the 
general vicinity of the Closed Area. Regardless of the fish consumption rate used (RME or 
average), there is no change in the remedial actions proposed for the site. 

10. Comment: Page 24, first paragraph after table. Please inse11 these sentences after "The 
current EPA reference dose suggest that pregnant women that consume fish at the RME fish 
consumption rate used in the Baseline Risk Assessment could put their unborn child at risk 
for potential neurodevelopmental effects, regardless of whether those fish were from Lavaca 
Bay or any other bay on the Texas Coast". "It should be noted that the RME ingestion rate, 
because of the design of the Consumption Study, likely overestimates risk for most, if not all, 
of the fish-eating population for long-term consumption. Another way to evaluate risk is to 
use average assumptions, rather than the more conservative assumptions included in the 
RME.'' 
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We believe these changes are especially important for the following reason. EPA's national 
advisory concerning risks associated with methyl mercury in fish is based on approximately 
24 grams of fish ingestion per day. If an RAO is developed based on a 45 g/day ingestion 
rate, the RAO would be much less than what an "acceptable" concentration would be using 
EPA's ingestion rate. In essence, the remedy would not be achieved until fish concentrations 
in Lavaca Bay are less than what would trigger a concern under EPA's consumption 
advisory. 

Response: The purpose of the EPA risk assessment is different than the mission of other 
agencies. Using the EPA RID for methylmercury and the 90th percentile ingestion rate for 
women of childbearing age (45 g/day), the children of women that eat fish exclusively from 
other bays have a noncarcinogenic hazard quotient of approximately one and are not 
considered at risk. 

11. Comment: Page 27, end of first partial paragraph. The last sentence, "The ultimate result 
of remedial actions in Lavaca Bay will be the reduction of mercury in upper trophic 
fish/shellfish to levels that would be protective of human consumption and not pose an 
unacceptable ecological risk," should be deleted. This sentence is not only redundant, more 
importantly, the referenced sentence is misleading - it might be interpreted to suggest that 
Alcoa will be responsible for reducing fish tissue mercury concentrations to levels that are 
below mercury advisories for fish ingestion currently in place from other health agencies 
(EPA and TDH for recreationally-caught fish and FDA for commercially-available fish) or 
ATSDR's 1995 Public Health Assessment (see Attachment C) and TDH's 2000 Health 
Consultation (see Attachment D) perfonned for the area. 

Response: As discussed earlier, EPA recognizes that numerous Federal and state agencies 
are involved in establishing protective levels of mercury in fish and shellfish. However, 
agencies such as the Texas Department of Health consider both the potential risk associated 
with consuming seafood with elevated mercmy concentrations as well as the nutritional 
benefits from consuming seafood. In predicting risks at Superfund sites, EPA does not have 
the latitude to consider health benefits from fish consumption but evaluates the risk to human 
health from consuming fish. 

The predicted health risks for "All Fishermen" using the average consumption rate and 
reasonable maximum exposure (RME) consumption rates was presented in the Proposed 
Plan. Potential health risks were estimated for four different exposure groups. Using both 
an average and RME fish consumption value, the potential health risks for "Lavaca Bay 
Fishennen" is similar to the potential health risks for "All Fishermen." The predicted risk 
for "Lavaca Bay Closed Area Fishermen" and "Closed Area Fishem1en" are approximately 
twice as high as the potential risk for "Lavaca Bay Fishermen" or "All Fishermen." 
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Therefore, the predicted unacceptable health risk from consuming fish and shellfish 
associated with releases from the Alcoa Point Comfort operations is focused generally within 
the Closed Area of Lavaca Bay. 

The above mentioned sentence will be revised to read as follows: 

The predicted health risks associated with consumption of fish from Lavaca Bay, as 
well as all bays, using the average consumption rate and reasonable maximum 
exposure (RME) consumption rates were presented in the Proposed Plan. Potential 
health risks were estimated for four different exposure groups. Using both the 
average and RME fish consumption rates, the potential health risks for "Lavaca Bay 
Fishermen", are similar to the potential health risks for "All Fishermen". The 
predicted risk for "Lavaca Bay and Closed Area Fishennen" and "Closed Area 
Fishermen" are approximately twice as high as the potential risk for "Lavaca Bay 
Fishennen" or "All Fishermen". Therefore, the predicted unacceptable health risk 
from consuming fish and shellfish associated with releases from the Alcoa Point 
Comfort operations is focused generally within the Closed Area of Lavaca Bay. The 
ultimate result of remedial actions in Lavaca Bay will be the reduction of mercury in 
upper trophic level fish/shellfish to levels that would be protective of human 
consumption and not pose an unacceptable ecological risk. 

Even though predicted unacceptable risk may be present due to non-site related 
contamination, a remedial action at a Superfund site is to address contamination at or 
from the site. At the Alcoa site, even though there are unacceptable risks identified 
for "Lavaca Bay Fishermen", the predicted risk is not significantly different than the 
predicted risk present for "All Fishem1en". The general area around the Closed Area 
of Lavaca Bay is that area in which unacceptable risks from consumption of fish and 
shellfish can be attributed to past releases from Alcoa given the uncertainties 
associated with the toxicity of methylmercury, fish consumption rates and sediment 
to biota accumulation factors. Therefore, the remedial actions to reduce or control 
risk to human health and the environment are focused within the Closed Area of 
Lavaca Bay and areas of Lavaca Bay in the general vicinity of the current Closed 
Area. Regardless of the fish consumption rate used (RME or average), there is no 
change in the remedial actions proposed for the site. 

12. Comment: Page 28 -- Remedial Action Objectives, Chlor-Alkali Process Area. The CAPA 
discussion in the last paragraph on this page notes "In addition, the remedial action at the 
CAP A should address those areas of soil that exceed the TNRCC commercial/industrial soil 
protection concentration limit of mercury of 180 mg/kg." This RAO is inconsistent with the 
approved Feasibility Study (FS). As shown on Figure 3-1 of the FS, there are two locations 
(one near the northwest comer ofR-300 and one about 100 feet south of the former retort 
building) that have mercury concentrations above 180 mg/kg and are located outside the 
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remediation area proposed in the FS. The concentrations in these samples were 367 and 356 
mg/kg. 

The CAPA data evaluation used a construction worker scenario for the basis of the 466 
mg/kg RBV given land use assumptions at the site. Other TNRCC and EPA industrial 
worker values were available (analogous to the TRRP value of 180 mg/kg since it did not 
exist when the CAPA Focused Investigation and data evaluation were conducted) but Alcoa 
felt that a more site-specific value was more appropriate. Thus, several RBV s were 
calculated for several land use options (Appendix F of the CAPA SAP). Given the 
assumptions for the site, the construction worker value was slightly lower than the general 
industrial worker. As such, Alcoa does not believe that it is appropriate to apply the 180 
mg/kg value for CAP A soils. 

Response: At the request of the state of Texas, EPA included the secondary soil 
remediation goal of 180 mg/kg mercury. The 180 mg/kg mercury soil remediation goal is 
based on TNRCC's commercial/industrial soil protective concentration limit for mercmy 
(adjusted for consideration of occupational air standards for on-site workers). In reviewing 
the results from the CAPA Focused Investigation Data Report, the 95% upper confidence 
level mercmy concentration in CAPA soils outside the footprint of the R-300 building is 93 
mg/kg. Applying the TNRCC remediation goal of 180 mg/kg mercury does not alter the 
proposed remedial actions at CAPA. Areas inside the footprint of Building R-300 require 
remediation while the levels of mercury outside of the footprint of Building R-300 are below 
are potential remediation goals. 

13. Comment: Page 32, RAA Bay-2, Source Control. The first paragraph mentions the Witco 
DNAPL "collection trench and sheet piling vertical barrier." The paragraph also mentions 
that the specifications of the systems "would be refined during the remedial design." This 
language is taken directly from the FS and provides the flexibility to change the design. 
However, the data collected during the geotechnical design phase (infonnation collected 
voluntarily by Alcoa in order to expedite the remedial activity if possible) indicates that any 
option, including sheet piling, sluny wall, etc. that provides containment and prevents 
downgradient migration could be suitable. Alcoa suggests that the language of the PRAP be 
revised to be specific in terms of the intent but leave the design specifics until such time as 
final design issues can be negotiated. 

Response: As described in Section 2.2.3.4 of the Feasibility Study, migration ofDNAPL 
present in the fill layer west of the former Witco Coal Tar Tank Farm directly into the Bay 
sediments represents a potential ongoing source of PAHs to the bay. The suspected DNAPL 
seepage may occur over a section of shoreline west of the fonner Witco Tank Farm area. 
Control of DNAPL seepage from this section of shoreline would be expected to satisfy the 
RAO. The specific areas of shoreline to be addressed by a remedy may be modified based 
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on site conditions observed during remedy implementation. Two general DNAPL 
remediation technologies were evaluated for use in the Feasibility Study, These two 
technologies were containment and collection. The use of either a DNAPL containment or 
collection technology will be refined during the remedial design. 

14. Comment: Page 25, third paragraph, second sentence. "The objectives are designed ... but 
for the historic Point Comfort operations." This sentence is unnecessary and potentially 
misleading. The remedial objectives are designed to remove certain contaminated sediment. 
As EPA states, achieving the sediment target goals is expected to reduce mercury in the food 
chain, that consequence is biological not remedial. 

Response: The remedial action objective (RAO) provides a general description of what the 
remedial action will accomplish. Remediation goals are a subset of RAOs and consist of 
medium-specific or operable unit specific chemical concentrations that are protective of 
human health and the environment and serve as goals for the remedial action. The RAOs 
aimed at protecting human health and the environment should specify: 1) The contaminants 
of concern, 2) exposure routes and receptors, and 3) an acceptable contaminant level or range 
oflevels for such exposure medium (i.e., a preliminary remediation goal). RA Os include 
both a contaminant level and an exposure route recognizing that protectiveness may be 
achieved by reducing exposure as well as reducing contaminant levels. 

Even though the human health risk is associated with consumption of mercury-contaminated 
fish and shellfish, the remedial actions are not designed to clean fish. However, EPA can 
establish remediation goals for mercury-contaminated sediments that should ultimately result 
in a reduction of mercury levels in fish and shellfish. Therefore, it is appropriate to state that 
an objective of the remedial action is to reduce mercmy levels in fish tissue such that the 
overall risk throughout Lavaca Bay will approach that which would be present but for the 
historic Point Comfort operations. EPA recognizes that there are risks associated with 
"Lavaca Bay Fishermen" that are similar to that for "All Fishermen". For this reason, the 
objective ofreducing mercury in fish tissue is applicable to that area of Lavaca Bay in which 
the unacceptable risks can be attributed to past releases from Alcoa. The Closed Area of 
Lavaca Bay is generally that area in which unacceptable risks from consumption of fish and 
shellfish can be attributed to past releases from Alcoa given the uncertainties associated with 
the toxicity of methylmercury, fish consumption rates and sediment to biota accumulation 
factors. 

15. Comment: Page 26, first incomplete paragraph, last sentence, "Achieving this sediment 
target goal. .. " should be modified as follows: 

"Achieving this sediment target goal in these areas will result in a substantial reduction of 
mercury into the food chain." to more accurately portray the benefits of the proposed 
remedial actions." 
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Response: The proposed changes will be included in the Record of Decision. 

16. Comment: Page 28, fom1h paragraph, next to last sentence, "Generally the monitoring 
program will discuss ... surface sediments," should be modified. The monitoring program 
will not anticipate ranges or timeframes for decreases of mercury-tissue levels. It will simply 
be a monitoring program. Alcoa expects to evaluate monitoring results with EPA and other 
interested persons. 

Response: As discussed above, it is appropriate to state that an objective of the remedial 
action is to reduce mercury levels in fish tissue such that the overall risk throughout Lavaca 
Bay will approach that which would be present but for the historic Point Comfort operations. 
Therefore, it is necessary to monitor fish and shellfish to evaluate the effectiveness of the 
remedial actions selected for the site. 

EPA believes that it is possible to identify an anticipated range for decreases of mercury 
levels in fish and shellfish. In April 1988, the Texas Depat1ment of Health (TDH) closed 
part of Lavaca Bay to the taking of finfish and crabs due to mercury contamination of the 
seafood. In March 1999, Alcoa provided the TDH and the Citizens Advis01y Panel to Alcoa 
(CAPA2) with results of finfish and shellfish sampling conducted as part of the RI. The data 
showed an apparent decrease in mercury levels in fish and crabs from the Cox Bay area. 
CAPA2 asked TDH to assess these data and consider re-evaluating the extend of the Closed 
Area. Based on sampling conducted by TDH in April and May of 1999, TDH removed the 
Cox Bay area for the Closed Area in January 2000. It can therefore be concluded that 
mercury levels in fish and shellfish have significantly decreased over 12-year timeframe. 
One of the suspected reasons for the decrease of mercury levels in fish and shellfish in the 
Cox Bay area is that mercury-contaminated sediments were buried by anthropogenic inputs 
of cleaner sediment. 

Therefore, if the selected remedial action addresses all known sources of mercury into 
Lavaca Bay, it is anticipated that mercury levels in fish and shellfish will show significant 
decreases within 10 -15 years after completion of the remedial action. 

17. Comment: Page 30, second paragraph, next to last sentence, (repeated on pages 31, 32 and 
37) should be revised as follows: 

"Long-term monitoring of the sediment and fish would be required to monitor the reduction 
of mercury in fish tissue. Such that the overall risk throughout Lavaca Bay will approach that 
which would be present but for the historic Point Comfort operations." 
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Response: The above revision will be presented in the relevant sections of the Record of 
Decision. 

Calhoun County Navigation District Comments 

18. Comment: On page 43 of the proposed plan, the EPA identifies RAA Bay-4A as the 
preferred remedial alternative for the Bay system. Bay RAA-4A includes the recovery and 
treatment of mercury contaminated groundwater from beneath the chlor-alkali plant area 
("CAP A") using groundwater recovery wells. The CCND supports the removal of mercmy 
from the groundwater and eliminating the aquifer as an ongoing source of mercury into the 
Bay. What operating and monitoring requirements will the EPA put in place to ensure the 
continued long term effectiveness of the treatment and recovery system? 

Response: The details of the long tenn monitoring plan for the CAP A groundwater 
extraction system will be developed as part of the detailed site-wide Operations and 
Maintenance Plan. The details of the plan will be discussed with the public as it is 
developed. 

19. Comment: RAA Bay-4A provides for "Long-term monitoring of the sediment and fish" to 
"confirm the reduction of mercury in fish tissue." The CCND supports this requirement. 
What long term maintenance and monitoring requirements will be required for Alcoa's 
Dredge Island Confined Disposal Facility ("CDF"). 

Response: In April 1998, EPA signed an Action Memorandum authorizing Alcoa to 
undertake a non-time critical removal action on Dredge Island. The primary objective of the 
proposed removal action was to minimize the potential for the release of hazardous 
constituents located on Alcoa's dredge disposal island in the event that a severe storm (i.e., 
hurricane) strikes the area, and to minimize erosion of mercmy-contaminated soils outside 
the containment dikes into Lavaca Bay. 

The following discussion on the maintenance and monitoring requirements on Dredge 
Island was presented in the Action Memorandum. 

No institutional controls at the state or local level will be necessary since 
contaminated soils will be excavated and disposed of in the GP As on Dredge Island. 
Since the excavated materials will be disposed of on the Island and the south end of 
the island will be fortified, post-removal site controls will be implemented. The post
removal site controls include four inspections per year, erosion repairs, south 
shoreline maintenance, and dewatering. 
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In addition, the final cover for the confined dredge disposal areas on the Island will consist of 
dredged material, hydraulically placed, taken from an area of Lavaca Bay that has mercury 
concentrations below human health and ecological risk-based values. After this final 
placement of dredge material, the Island will consist of a "basin" encircled by dikes whose 
crest elevation will be at least four feet higher than the top of the dredge materials (which 
will form the "floor" of the basin). The capacity provided between the dike crest and the 
dredge material "floor" will be used for management of storm water (rainfall). This water 
will be captured and released in a manner that will minimize erosion of the final cover to 
prevent exposure of dredge material (i.e., CERCLA sediments, maintenance dredge material 
from future dredging, etc.) or currently existing waste material (waste gypsum, CAPA era 
dredge material, etc.) contained within the dikes. Outlet structures releasing water from 
within the basins to the Bay will be designed so that there will be very low velocity flow 
prior to release. These low velocity areas will allow any eroded cover material to settle out 
within the sedimentation areas prior to the discharge of the rainwater. As part of the ongoing 
operation and maintenance program, this eroded material will be periodically replaced onto 
any erosion features of the cover. Non-erosion, energy dissipating outlets will be placed on 
the outside of the dike face to convey the water from the basin to the Bay. 

Public Comments 

20. Comment: With regard to perimeter ground water flow into the environment there is no 
mention of explicit plans to monitor long term ground water movement. Will all monitoring 
wells continue to be evaluated around the entire area? How often? 

Response: Ground water investigations at the Site during the RI indicated that a risk driver 
for ground water remediation currently exists only at the CAP A Contaminants were 
detected in ground water samples at other areas of the Site, but did not require remediation 
because concentrations were below levels that present a risk to human health and/or the 
environment. 

A perimeter approach to ground water investigation was used during the RI and this 
approach could form the basis for any monitoring program. This approach would be based 
on the fact that ground water beneath the Site is not used as source of drinking water and, 
therefore, the pathway of concern with regard to ground water is the off-site migration of 
contaminated ground water and its potential effect on human health and the environment. 
However, monitoring at interior waste management areas could be considered in developing 
a monitoring plan. Monitoring could also be considered at areas where known ground water 
contamination exists or at areas hydraulically downgradient of areas of known ground water 
contamination. These areas include locations where fate and transpmi modeling was used to 
estimate future ground water contamination conditions. However, it is premature to have a 
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monitoring plan that can be approved at the time of the ROD since the remedial actions have 
not been implemented. The details of the monitoring plan will be developed as part of the 
overall Operations and Maintenance (O&M) Plan for the site. 

21. Comment: 

a) Insufficient details are available in the document to approve of the monitoring plan at 
this time. If the language in the ROD is left as written; "At a minimum, the effectiveness of 
the remedy will be evaluated once every five years," then one can certainly expect a 
minimum of monitoring. Given the relatively brief estimated 10-15 year recovery period, 
there should be a shorter, mandated monitoring schedule to check the remediation efforts or 
to discover the existence of any previously undetected sources. Five year intervals are 
simply too long and could be stretched even longer due to any number of sampling problems 
that might arise and the time required to prepare the rep01i. While finfish are longer lived, 
shellfish are not and should show earlier signs of reduced mercury levels. Therefore, a 
monitoring plan should be designed to include sampling and reporting on 2-3 year intervals. 

Response: It is premature to have a monitoring plan that can be approved at the time of the 
ROD since the remedial actions have not been implemented. The details of the monitoring 
plan will be developed as part of the overall Operations and Maintenance (O&M) Plan for 
the site. As the O&M Plan is developed it will be shared with the public. The five year 
review period mentioned in the Proposed Plan is the maximum time period under Superfund 
that remedy effectiveness can be evaluated when wastes are left in place. EPA anticipates 
that the effectiveness of the remedy will be evaluated earlier than five years. However, 
appreciable changes of mercmy levels in upper trophic level finfish are not expected to occur 
until at least two or three years after completion of all remedial actions. Alcoa has been 
conducting fish and shellfish monitoring at least annually since 1996 and EPA anticipates 
that the same sampling frequency will occur during the first five years. 

Comment continued: 

b) Has a "safe" level of mercury in the upper trophic biota been established and agreed 
upon by all parties? Will this "end point" change in the next l 0-15 years for protection of 
either humans or ecosystems? Which of the upper trophic biota will be monitored? This 
"safe" level should be clearly delineated in the ROD and monitoring plan or there will be 
nothing to evaluate. 

Response: The "safe" level of mercury in the upper trophic biota has not been established. 
Based on uncertainties around the RID, fish consumption rate, and sediment to biota 
accumulation factor, it is unlikely that a single "safe" level will be developed. The more 
probable outcome will be a "range" of protective mercury levels in the upper trophic biota. 
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When EPA conducts a five year review, the Agency evaluate the overall protectiveness of 
the remedy as well as changes in applicable or relevant and appropriate requirements 
(ARARs). At the time of the five year review, the agency will evaluate the overall 
protectiveness of the remedy. 

During the past five years, Alcoa has regularly sampled red drum, black drum and blue crab. 
Although the details of the species to be sampled will be included in the monitoring plan, it 
is anticipated that both red drum and blue crab would continue to be sampled. 

Comment continued: 

c) There needs to be a more specific plan for evaluating the remedy before waiting until 
the end of the estimated 10-15 year recovery time frame. With sampling occurring on 2-3 
year intervals, there should be sufficient data within 6 years to evaluate and re-design key 
remediation plans, based on specific levels of contaminants in fish, shellfish, and sediments. 

Response: As previously discussed, it is anticipated that annual finfish and/or shellfish 
sampling will occur during the first five years after completion of the remedial actions. 
Discernible changes of mercury levels in upper trophic finfish is not expected to occur until 
two to five years following completion of the remedial actions. 
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Re: Record ofDecision (ROD) for the Alcoa (Point Comfort)/Lavaca Bay Superfund Site, 
Point Comfort, Texas. 

Dear Mr. Knudson: 

The Texas Natural Resource Conservation Commission (TNRCC) has completed its review 
of the above referenced document. We concur that the remedy for the Alcoa/Lavaca Bay 
Superfund Site, as described in the December 2001 ROD, is the most appropriate for this site. 
United States Environmental Protection Agency staff should be commended for the amount 
of work and coordination necessary to move the ROD for this complex site to completion. 

S. l .. inccre y, 

P.O. Box 13087 • Austin, Texas 78711-3087 • 512/239-1000 • Internet address: www.tnrcc.state.tx.us 
printed on recycled paper using soy-based ink 
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The testing protocols set out in the Inland Testing Manual are intended solely as 
guidance for use in conducting testing of dredged material to assess the potential for 
contaminant-related impacts associated with dredged material disposal into open water. The 
Manual does not alter the statutory and regulatory framework for permitting decisions under 
section 404 of the CW A. Under that framework, testing is conducted in order to assist the 
permitting authority in making factual determinations regarding the effect of the discharge on 
the aquatic ecosystem, and in determining whether the discharge will comply with the 
404(b)(l) Guidelines. See 40 C.F.R. 230.10 and 230.11. The current regulations provide for 
testing under certain circumstances, and this Manual provides suggested protocols to follow 
once it has been decided that testing is appropriate. The Guidelines provide flexibility to the 
permitting authority to decide, based upon the facts of a particular case, whether testing is 
warranted. 

The Manual is intended solely as guidance. The Manual is not intended, nor can it be 
relied upon, to create any rights or obligations enforceable by any party. The Manual 
provides the best available technical guidance regarding how dredged material should be 
tested. While it is generally anticipated that the Agencies will follow the procedures in this 
Manual, Agency decision-makers retain the discretion to adopt approaches on a case-by-case 
basis that differ from the guidance in the Manual where determined to be appropriate. The 
document does not, and is not intended to, impose any legally-binding requirements on 
Federal agencies, States, or the regulated community. 
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The "Evaluation of Dredged Material Proposed for Discharge in Waters of the U.S. - Testing Manual", 
commonly referred to as the Inland Testing Manual represents a major effort by the U.S. Army Corps of 
Engineers (USACE) and the Environmental Protection Agency (EPA) to establish procedures applicable 
to the evaluation of potential contaminant-related environmental impacts associated with the discharge of 
dredged material in inland waters, near coastal waters, and surrounding environs (that is, all waters other 
than the ocean and the territorial seas, regulated pursuant to Section 404, CW A). This manual is consistent, 
to the maximum extent practicable, with the procedures established for ocean waters (i.e., the "Green 
Book" entitled "Evaluation of Dredged Material Proposed for Ocean Disposal - Testing Manual" -
EPA/USACE, 1991). The USACE and EPA have statutory and regulatory responsibilities with regard to 
the management of dredged material discharge activities in inland and near coastal waters. The USACE 
is responsible for regulating non-Federal dredging and dredged material discharge activities through a 
permit program, and for conducting Federal dredging and dredged material discharge activities in 
conjunction with its Civil Works Program. EPA is responsible for establishing, in conjunction with the 
USACE, guidelines pertaining to the evaluation of these activities, and performing oversight actions. 
Specifically, Section 404 of the Federal Water Pollution Control Act of 1972 (FWPCA), Public Law 92-
500, as amended by the Clean Water Act of 1977 (CWA), Public Law 95-217, requires, among other 
things, that the discharge of dredged or fill material into waters of the U.S. be permitted by the USACE. 
The USA CE also conducts Civil Works dredging and dredged material discharge activities in accordance 
with Section 404. Section 404 further requires that discharge sites be specified though the application of 
the Section 404(b)(l) Guidelines (Guidelines) developed by EPA in conjunction with the USACE. Section 
404 requires that the "guidelines shall be based upon criteria comparable to the criteria applicable to the 
territorial seas, contiguous zone, and the ocean". Thus, a clear connection for comparable testing for ocean, 
inland and near coastal waters was established as early as 1972. 

The Guidelines, which impart other requirements in addition to those associated with contaminant-related 
impacts, are published at 40 CPR 230. This manual provides testing procedures applicable to determining 
the potential for contaminant-related environmental impacts associated with the discharge of dredged 
material. Dredged material evaluated under the procedures described in this manual must also satisfy all 
other applicable requirements of 40 CPR 230-232, 33 CPR 320-330, and 33 CPR 335-338 in order to 
comply with the Guidelines and to be authorized for discharge. 

This manual, which is designed to allow for regional flexibility in implementation and application 
including development of regional manuals and documentation, will be periodically revised and updated 
as warranted by advances in regulatory practice and technical understanding. This manual replaces the 
May 1976 proposed testing protocol, "Ecological Evaluation of Proposed Discharge of Dredged or Fill 
Material Into Navigable Waters", which will no longer be applicable. The 1976 protocol was developed 
in response to a requirement in the Federal Register notice of the Guidelines, Vol. 40, No. 173, Friday, 
5 September 1975. That notice states the "EPA in conjunction with the Corps of Engineers will publish 
a procedures manual that will cover summary and description of tests, definitions, sample collection and 
preservation, procedures, calculations and references." In December 1980, the Guidelines were revised 
and finalized in the Federal Register Vol. 45, No. 249. The present joint effort by EPA and USACE 
contains up-to-date testing procedures to implement the Guidelines at Sections 230.60 and 230.61, and is 
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intended to bring compatibility and a comparable level of environmental protection for dredged material 
testing in ocean, inland and near coastal waters. 

This manual is one of a series of guidance documents jointly developed by EPA and the USACE 
pertaining to dredged material disposal. This series includes a document entitled "Evaluating 
Environmental Effects of Dredged Material Management Alternatives - A Technical Framework" 
(Framework Document - USACE/EPA, 1992). The Framework Document articulates those factors to be 
considered in identifying the environmental effects of dredged material management alternatives on a 
continuum of discharge sites from uplands to the oceans (management alternatives include open water, 
confined and beneficial use situations) that meet the substantive and procedural requirements of the 
National Environmental Policy Act (NEPA), the CW A and the Marine Protection, Research, and 
Sanctuaries Act (MPRSA). The Green Book (EPA/USACE, 1991) is included in the series. Application 
of the testing guidance in this manual in addition to guidance provided in the Framework Document and 
the Green Book will allow for consistency in decision making with respect to technical considerations, 
across statutory boundaries and the continuum of dredged material discharge options. 

The contributions made by many individuals from both agencies are gratefully acknowledged. The first 
and second drafts of the manual were completed by the Environmental Laboratory (EL) of the USACE 
Waterways Experiment Station (WES): Thomas Wright, primary author; Michael Palermo, author of 
Appendix B; Paul Schroeder, Michael Palermo, Robert Randall and Billy Johnson, authors of Appendix 
C. Succeeding drafts were completed by an EP A/USACE W orkgroup established by EPA' s Office of 
Science and Technology (OST) within the Office of Water (OW). Mike Kravitz of OST was the Work 
Assignment Manager. Appendix D was written by Dennis Brandon and Joan Clarke (WES) and Michael 
Paine (EVS Consultants). Appendix F was written by Gary Ankley (EPA). Appendix G was written by 
Sandra Salazar and Peter Chapman (EVS Consultants). Henry Lee and Bruce Boese (EPA) contributed 
valuable information pertaining to sediment bioaccumulation testing. Carie Schaffer and Robert Johnson 
(Tetra Tech, Inc.) provided computer support for internet and electronic versions of the document, 
respectively. 

The W orkgroup was comprised of individuals from headquarters, field offices and research laboratories 
of both agencies with scientific and/or programmatic experience related to dredged material discharge 
activities. 

Co-Chairs: Betsy Southerland EPA/OW/OST 
Kirk Stark USA CE/Headquarters 

Members: Gary Ankley EPA/Duluth Research Lab 
Tom Dillon USA CE/WES 
Wade Eakle USACE/San Francisco Dist. 
Robert Engler US ACE/WES 
John Goodin EPA/OW/OWOW 
Mike Kravitz EPA/OW/OST 
John Malek EPA/Region 10 
David Mathis USA CE/Headquarters 
Jan Miller USA CE/North Central Div. 
Michael Palermo USA CE/WES 
William Peltier EPA/Region 4 
David Redford EPA/OW/OWOW 
Susan Ivester Rees USACE/Mobile District 
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Contractor: 

James Reese 
Brian Ross 
Norm Rubinstein 
Dave Tomey 
Joe Wilson 
Thomas Wright 
Howard Zar 

Peter Chapman 

x 

USACE/North Pacific Div. 
EPA/Region 9 
EP NNarragansett Lab 
EPA/Region 1 
USA CE/Headquarters 
US ACE/WES 
EPA/Region 5 

EVS Environment Consultants 

Review of this manual was conducted by EPA through OW [OST and the Office of Wetlands, Oceans and 
Watersheds (OWOW)] and by USACE through the Office of the Chief of Engineers (Regulatory Branch, 
Dredging and Navigation Branch, Office of Environmental Policy) and EL of WES. In addition, the results 
of the EPA's Science Advisory Board (SAB, 1992) review of the 1991 Green Book were considered in 
detail, where applicable, during development of this manual. The results of EPA's SAB (1994) review of 
the draft Inland Testing Manual were considered during its finalization. Regional issues which have 
National relevance were provided by EPA Region and USACE Division and District staff, and were 
incorporated into the appropriate sections of this document. This manual provides comprehensive testing 
guidance from a national perspective. Within the framework of this document, EPA Regions and USACE 
Districts and Divisions will develop region-specific guidance and/or procedures, as necessary (e.g., region
specific test species), to provide sufficient information to make informed dredged material discharge 
decisions. 

This manual should be cited as follows: 

EP A/USACE. 1998. Evaluation of dredged material proposed for discharge in waters of the U.S. - Testing 
manual. EPA-823-B-98-004, Washington, D.C. 
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The following definitions of words and terms are specific to the use of this manual and, where applicable, 

are quoted verbatim from the Guidelines (cf. Definitions at 40 CFR 230.3 and/or other parts; such 

definitions are starred*). Thorough familiarization with the following definitions is required prior to use 

of this manual. 

Accuracy: The ability to obtain a true value; determined by the degree of agreement between an observed 

value and an accepted reference value. 

Acid volatile sulfide (A VS): The sulfides removed from sediment by cold acid extraction, consisting 

mainly of H2S and FeS. AVS is a possible predictive tool for divalent metal sediment toxicity. 

Acute: Having a sudden onset, lasting a short time. 

Acute toxicity: Short-term toxicity to organism(s) that have been affected by the properties of a 

substance, such as contaminated sediment. The acute toxicity of a sediment is generally determined 

by quantifying the mortality of appropriately sensitive organisms that are put into contact with the 

sediment, under either field or laboratory conditions, for a specified period. 

*Adjacent: Bordering, contiguous or neighboring. Wetlands separated from other waters of the United 

States by man-made dikes or barriers, natural river berms, beach dunes and the like are "adjacent 

wetlands". 

Application factor (AF): A numerical, unitless value, calculated as the threshold chronically toxic 

concentration of a test substance divided by its acutely toxic concentration. The AF is usually 

reported as a range and is multiplied by the median lethal concentration as determined in a short

term (acute) toxicity test to estimate an expected no-effect concentration under chronic exposure. 

Benchmark organism: Test organism designated by USACE and EPA as appropriately sensitive and 

useful for determining biological data applicable to the real world. Test protocols with such 

organisms are published, reproducible and standardized. 
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Bioaccumulation: The accumulation of contaminants in the tissue of organisms through any route, 

including respiration, ingestion, or direct contact with contaminated water, sediment, pore water 

or dredged material. [The regulations require that bioaccumulation be considered as part of the 

environmental evaluation of dredged material proposed for disposal. This consideration involves 

predicting whether there will be a cause-and-effect relationship between an organism's presence 

in the area influenced by the dredged material and an environmentally important elevation of its 

tissue content or body burden of contaminants above that in similar animals not influenced by the 

disposal of the dredged material]. 

Bioaccumulation factor: The degree to which an organism accumulates a chemical compared to the 

source. It is a dimensionless number or factor derived by dividing the concentration in the 

organism by that in the source. 

Bioassay: A bioassay is a test using a biological system. It involves exposing an organism to a test 

material and determining a response. There are two major types of bioassays differentiated by 

response: toxicity tests which measure an effect (e.g., acute toxicity, sublethal/chronic toxicity) 

and bioaccumulation tests which measure a phenomenon (e.g., the uptake of contaminants into 

tissues). 

Bioavailable: Can affect organisms. 

Bioconcentration: Uptake of a substance from water. 

Biomagnification: Bioaccumulation up the food chain, e.g., the route of accumulation is solely through 

food. Organisms at higher trophic levels will have higher body burdens than those at lower 

trophic levels. 

Biota sediment accumulation factor: Relative concentration of a substance in the tissues of an organism 

compared to the concentration of the same substance in the sediment. 

Bulk sediment chemistry: Results of chemical analyses of whole sediments (in terms of wet or dry 

weight), without normalization (e.g., to organic carbon, grain-size, acid volatile sulfide). 

Can: Is used to mean "is able to". 

Chronic: Involving a stimulus that is lingering or which continues for a long time. 
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Chronic toxicity: See sublethal/chronic toxicity. 

Comparability: The confidence with which one data set can be compared to others and the expression 

of results consistent with other organizations reporting similar data. Comparability of procedures 

also implies using methodologies that produce results comparable in terms of precision and bias. 

Completeness: A measure of the amount of valid data obtained versus the amount of data originally 

intended to be collected. 

Confined disposal: A disposal method that isolates the dredged material from the environment. Confined 

disposal is placement of dredged material within diked confined disposal facilities via pipeline or 

other means. 

Confined disposal facility (CDF): A diked area, either in-water or upland, used to contain dredged 

material. The terms confined disposal facility (CDF), dredged material containment area, diked 

disposal facility, and confined disposal area are used interchangeably. 

Constituents: Chemical substances, solids, liquids, organic matter, and organisms associated with or 

contained in or on dredged material. 

*Contaminant: A chemical or biological substance in a form that can be incorporated into, onto or be 

ingested by and that harms aquatic organisms, consumers of aquatic organisms, or users of the 

aquatic environment, and includes but is not limited to the substances on the 307(a)(l) list of toxic 

pollutants promulgated on January 31, 1978 (43 FR 4109). [Note: A contaminant that causes 

actual harm is technically referred to as a pollutant, but the regulatory definition of a "pollutant" 

in the Guidelines is different, reflecting the intent of the CW A.] 

Contaminant of concern: A contaminant present in a given sediment thought to have the potential for 

unacceptable adverse environmental impact due to a proposed discharge. 

Control sediment: A sediment essentially free of contaminants and which is used routinely to assess the 

acceptability of a test. Control sediment may be the sediment from which the test organisms are 

collected or a laboratory sediment, provided the organisms meet control standards. Test procedures 

are conducted with the control sediment in the same way as the reference sediment and dredged 

material. The purpose of the control sediment is to confirm the biological acceptability of the test 

conditions and to help verify the health of the organisms during the test. Excessive mortality in 
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the control sediment indicates a problem with the test conditions or organisms, and can invalidate 

the results of the corresponding dredged material test. 

Data quality indicators: Quantitative statistics and qualitative descriptors which are used to interpret the 

degree of acceptability or utility of data to the user; include bias (systematic error), precision, 

accuracy, comparability, completeness, representativeness, detectability and statistical confidence. 

Data quality objectives (DQOs): Qualitative and quantitative statements of the overall uncertainty that 

a decision maker is willing to accept in results or decisions derived from environmental data. 

DQOs provide the framework for planning environmental data operations consistent with the data 

user's needs. 

Discharge of dredged material: Any addition of dredged material into waters of the United States. 

[Dredged material discharges include: open water discharges; discharges resulting from unconfined 

disposal operations (such as beach nourishment or other beneficial uses); discharges from confined 

disposal facilities which enter waters of the United States (such as effluent, surface runoff, or 

leachate); and, overflow from dredge hoppers, scows, or other transport vessels]. Material 

resuspended during normal dredging operations is considered "de minim us" and is not regulated 

under Section 404 as a dredged material discharge. See 33 CFR 323.2 for a detailed definition. 

The potential impact of resuspension due to dredging can be addressed under NEPA. 

*Disposal site: That portion of the "waters of the United States" where specific disposal activities are 

permitted and consist of a bottom surface area and any overlying volume of water. In the case of 

wetlands on which surface water is not present, the disposal site consists of the wetland surface 

area. [Note: upland locations, although not mentioned in this definition in the Regulations, can also 

be disposal sites]. 

District: A USACE administrative area. 

*Dredged material: Material that is excavated or dredged from waters of the United States. [A general 

discussion of the nature of dredged material is provided by Engler et al. (l 99la)]. 

EC50: The median effective concentration. The concentration of a substance that causes a specified effect 

(generally sublethal rather than acutely lethal) in 50% of the organisms tested in a laboratory 

toxicity test of specified duration. 
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Elutriate: Material prepared from the sediment dilution water and used for chemical analyses and toxicity 

testing. Different types of elutriates are prepared for two different procedures as noted in this 

manual. 

Evaluation: The process of judging data in order to reach a decision. 

*Factual determination: A determination in writing of the potential short-term or long-term effects of 

a proposed discharge of dredged or fill material on the physical, chemical and biological 

components of the aquatic environment in light of Subparts C-F of the Guidelines. 

Federal Standard: The dredged material disposal altemative(s) identified by the U.S. Army Corps of 

Engineers that represent the least costly, environmentally acceptable altemative(s) consistent with 

sound engineering practices and which meet the environmental standards established by the 

404(b)(l) evaluation process. [See Engler et al. (1988) and 33 CFR 335-338]. 

*Fill material: Any material used for the primary purpose of replacing an aquatic area with dry land or 

changing the bottom elevation of a water body for any purpose. The term does not include any 

pollutant discharged into the water primarily to dispose of waste, as that activity is regulated under 

Section 402 of the Clean Water Act. [Note: dredged material can be used as fill material]. 

Grain-size effects: Mortality or other effects in laboratory toxicity tests due to sediment granulornetry, 

not chemical toxicity. [It is clearly best to use test organisms which are not likely to react to 

grain-size but, if this is not reasonably possible, then testing must account for any grain-size 

effects.] 

Guidelines: Substantive environmental criteria by which proposed discharges of dredged material are 

evaluated. CW A Section 404(b)(1) final rule (40 CFR 230) promulgated December 24, 1980. 

LC50: The median lethal concentration. The concentration of a substance that kills 50% of the organisms 

tested in a laboratory toxicity test of specified duration. 

Leachate: Water or any other liquid that may contain dissolved (leached) soluble materials, such as 

organic salts and mineral salts, derived from a solid material. 

Lethal: Causing death. 
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Loading density: The ratio of organism biomass or numbers to the volume of test solution in an exposure 

chamber. 

Management actions: Those actions considered necessary to rapidly render harmless the material 

proposed for discharge (e.g., non-toxic, non-bioaccumulative) and which may include containment 

in or out of the waters of the U.S. (see 40 CFR Subpart H). Management actions are employed 

to reduce adverse impacts of proposed discharges of dredged material. 

Management unit: A manageable, dredgeable unit of sediment which can be differentiated by sampling 

and which can be separately dredged and disposed within a larger dredging area. Management 

units are not differentiated solely on physical or other measures or tests but are also based on site

and project-specific considerations. 

May: Is used to mean "is allowed to". 

Method detection limit (MDL): The minimum concentration of a substance which can be identified, 

measured, and reported with 99% confidence that the analyte concentration is greater than zero. 

Might: Is used to mean "could possibly." 

*Mixing zone: A limited volume of water serving as a zone of initial dilution in the immediate vicinity 

of a discharge point where receiving water quality may not meet quality standards or other 

requirements otherwise applicable to the receiving water. [The mixing zone may be defined by the 

volume and/or the surface area of the disposal site or specific mixing zone definitions in State 

water quality standards]. 

Must: In this manual refers to requirements that have to be addressed in the context of compliance with 

the Guidelines. 

Open water disposal: Placement of dredged material in rivers, lakes or estuaries via pipeline or surface 

release from hopper dredges or barges. 

Pathway: In the case of bioavailable contaminants, the route of exposure (e.g., water, food). 

*Pollution: The man-made or man-induced alteration of the chemical, physical, biological or radiological 

integrity of an aquatic ecosystem. [See definition of contaminant]. 
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*Practicable: Available and capable of being done after taking into consideration cost, existing 

technology, and logistics in light of overall project purposes. 

Practical quantitation limit (PQL): The lowest concentration that can be reliably quantified with 

specified limits of precision and accuracy during routine laboratory operating conditions. 

Precision: The ability to replicate a value; the degree to which observations or measurements of the same 

property, usually obtained under similar conditions, conform to themselves. Usually expressed as 

standard deviation, variance or range. 

QA: Quality assurance, the total integrated program for assuring the reliability of data. A system for 

integrating the quality planning, quality control, quality assessment, and quality improvement 

efforts to meet user requirements and defined standards of quality with a stated level of 

confidence. 

QC: Quality control, the overall system of technical activities for obtaining prescribed standards of 

performance in the monitoring and measurement process to meet user requirements. 

Reason to believe: Subpart G of the 404(b) (1) guidelines requires the use of available information to 

make a preliminary determination concerning the need for testing of the material proposed for 

dredging. This principle is commonly known as "reason to believe", and is contained in Tier I of 

the tiered testing framework. The decision to not perform additional testing based on prior 

information must be documented, in order to provide a "reasonable assurance that the proposed 

discharge material is not a carrier of contaminants" (230.60(b)). 

Reference sediment: Point of comparison for evaluating test sediment. Testing requirements in the 

Section 404(b)(l) Guidelines regarding the point of comparison for evaluating proposed 

discharges of dredged material are being updated to provide for comparison to a "reference 

sediment" as opposed to sediment from the disposal site. Because subsequent discharges at a 

disposal site could adversely impact the point of comparison, adoption of a reference sediment 

that is unimpacted by previous discharges of dredged material will result in a more scientifically 

sound evaluation of potential individual and cumulative contaminant-related impacts. This 

change to the Guidelines was proposed in the Federal Register in January 1995, public 

comments have been received, and a final rule Notice is being prepared. It is expected that the 

final rule will be published prior to July 1, 1998, and as a result the reference sediment 

approach will be implemented in the ITM. 
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Reference site: The location from which reference sediment is obtained. 

Region: An EPA administrative area. 

region: A geographical area. 

Regulations: Procedures and concepts published in the Code of Federal Regulations for evaluating the 

discharge of dredged material into waters of the United States. 

Representativeness: The degree to which sample data depict an existing environmental condition; a 

measure of the total variability associated with sampling and measuring that includes the two 

major error components: systematic error (bias) and random error. Sampling representativeness 

is accomplished through proper selection of sampling locations and sampling techniques, 

collection of sufficient number of samples, and use of appropriate subsampling and handling 

techniques. 

Sediment: Material, such as sand, silt, or clay, suspended in or settled on the bottom of a water body. 

Should: Is used to state that the specified condition is recommended and ought to be met unless there 

are clear and definite reasons not to do so. 

Standard operating procedure (SOP): A written document which details an operation, analysis, or 

action whose mechanisms are thoroughly prescribed and which is commonly accepted as the 

method for performing certain routine or repetitive tasks. 

Standardized: In the case of methodology, a published procedure which has been peer reviewed (e.g., 

journal, technical report), and generally accepted by the relevant technical community of experts. 

Sublethal: Not directly causing death; producing less obvious effects on behavior, biochemical and/or 

physiological function, histology of organisms. 

Sublethal/chronic toxicity: Biological tests which use such factors as abnormal development, growth 

and reproduction, rather than solely lethality, as end-points. These tests involve all or at least an 

important, sensitive portion of an organism's life-history. A sublethal endpoint may result either 

from short-term or long-term (chronic) exposures. 
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Target detection limit: A performance goal set by consensus between the lowest, technically feasible, 

detection limit for routine analytical methods and available regulatory criteria or guidelines for 

evaluating dredged material. The target detection limit is, therefore, equal to or greater than the 

lowest amount of a chemical that can be reliably detected based on the variability of the blank 

response of routine analytical methods. However, the reliability of a chemical measurement 

generally increases as the concentration increases. Analytical costs may also be lower at higher 

detection limits. For these reasons, a target detection limit is typically set at not less than 10 

times lower than available dredged material guidelines. 

Tests/testing: Specific procedures which generate biological, chemical, and/or physical data to be used 

in evaluations. The data are usually quantitative but may be qualitative (e.g., taste, odor, 

organism behavior). Testing for discharges of dredged material in waters of the United States is 

specified at 40 CFR 230.60 and 230.61 and is implemented through the procedures in this 

manual. 

Tiered approach: A structured, hierarchical procedure for determining data needs relative to decision

making, which involves a series of tiers or levels of intensity of investigation. Typically, tiered 

testing involves decreased uncertainty and increased available information with increasing tiers. 

This approach is intended to ensure the maintenance and protection of environmental quality, as 

well as the optimal use of resources. Specifically, least effort is required in situations where clear 

determinations can be made of whether (or not) unacceptable adverse impacts are likely to occur 

based on available information. Most effort is required where clear determinations cannot be 

made with available information. 

Toxicity: see Acute toxicity; SublethaVchronic toxicity, Toxicity test. 

Toxicity test: A bioassay which measures an effect (e.g., acute toxicity, sublethal/chronic toxicity). Not 

a bioaccumulation test (see definition of bioassay). 

Water quality certification: A state certification, pursuant to Section 401 of the Clean Water Act, that 

the proposed discharge of dredged material will comply with the applicable provisions of 

Sections 301, 303, 306 and 307 of the Clean Water Act and relevant State laws. Typically this 

certification is provided by the affected State. In instances where the State lacks jurisdiction 

(e.g., Tribal Lands), such certification is provided by EPA or the Tribe (with an approved 

certification program). 
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Water quality standard: A law or regulation that consists of the beneficial designated use or uses of 

a water body, the numeric and narrative water quality criteria that are necessary to protect the 

use or uses of that particular water body, and an anti-degradation statement. 

Waters of the U.S.: In general, all waters landward of the baseline of the territorial sea and the 

territorial sea. Specifically, all waters defined in Section 230.3 (s) of the Guidelines. [See 

Appendix A]. 

Whole sediment: The sediment and interstitial waters of the proposed dredged material or reference 

sediment that have had minimal manipulation. For purposes of this manual, press-sieving to 

remove organisms from test sediments, homogenization of test sediments, compositing of 

sediment samples, and additions of small amounts of water to facilitate homogenizing or com

positing sediments may be necessary to conducting bioassay tests. These procedures are 

considered unlikely to substantially alter chemical or toxicological properties of the respective 

whole sediments except in the case of AVS (acid volatile sulfide) measurements (EPA, 1991a) 

which are not presently required. Alternatively, wet sieving, elutriation, or freezing and thawing 

of sediments may alter chemical and/or toxicological properties, and sediment so processed 

should not be considered as whole sediment for bioassay purposes. 
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AAS - Atomic Absorption Spectrometry 

AF - Application Factor 

A VS - Acid Volatile Sulfide 

BAF - Bioaccumulation Factor 

BCF - Bioconcentration Factor 

BSAF - Biota Sediment Accumulation Factor 

CDF - Confined Disposal Facility 

CFR - Code of Federal Regulations 

CLP - Contract Laboratory Program 

CWA - Clean Water Act 

ECD - Electron Capture Detection 

EO - Executive Orders 

BP A - Environmental Protection Agency 

FDA - Food and Drug Administration 

FR - Federal Register 

GC - Gas Chromatography 

xxi 

GF AAS - Graphite Furnace Atomic Absorption Spectrometry 

IAEA - International Atomic Energy Agency 

ICP - Inductively Coupled Plasma 

ITM - Inland Testing Manual 

LBP - Lipid Bioaccumulation Potential 

MPRSA - Marine Protection, Research and Sanctuaries Act 

MS - Mass Spectrometry 

NBS - National Bureau of Standards 

NEPA - National Environmental Policy Act 

NIST - National Institute for Standards and Technology 

NOAA - National Oceanic Atmospheric Administration 

NPDES - National Pollutant Discharge Elimination System 

NRC - National Research Council of Canada 

PAH - Polynuclear Aromatic Hydrocarbons 

PCB - Polychlorinated Biphenyl 

QA - Quality Assurance 
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QC - Quality Control 

QSAR - Quantitative Structure Activity Relationship 

RHA - Rivers and Harbors Act of 1899 

SAB - Science Advisory Board 

SIM - Selected Ion Monitoring 

SOP - Standard Operating Procedure 

SQC - Sediment Quality Criteria 

SQS - Sediment Quality Standards 

SRM - Standard Reference Material 

TBP - Theoretical Bioaccumulation Potential 

TDL - Target Detection Limit 

TEF - Toxicity Equivalency Factor 

TOC - Total Organic Carbon 

TIE - Toxicity Identification Evaluation 

USACE - U.S. Army Corps of Engineers 

USCS - Unified Soil Classification System 

WQC - Water Quality Criteria 

WQS - Water Quality Standards 
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METRIC TO IMPERIAL 

WEIGHT: 

lKg = lOOOg = 2.205lb 

lg= lOOOmg = 2.205 x 10·31b 

l mg = lOOOµg = 2.205 x 10·61b 

LENGTH: 

lm = lOOcm = 3.28 ft. = 39.370in 

lcm = lOmm = 0.3937in 

lmm = lOOOµg = 0.03937in 

CONCENTRATION: 

xxm 

lppm = lmg/L = lmg/Kg =lµg/g = lmL/m3 

lg/cc = lKg/L = 8.3454 lb/gallon (US) 

lg/m3 = lmg/L = 6.243 x 10·5lb/ft3 

VOLUME: 

lL = lOOOmL 

lmL = lOOOµL 

lee= 10-6m3 

FLOW: 

AREA: 

lm/s = 196.850 ft/min= 3.281 ft/s 

1 m3/s = 35.7 ft3/s 

1 m2 = 10.764ft2 

l hectare (ha) = 10000m2 = 2.471 acres 
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IMPERIAL TO METRIC 

llb = 16 oz = 0.4536Kg 

1 foot (ft) = 12in = 0.3048m 

1 lb/gal= 7.481lb/ft3 = 0.120g/cc = 

119.826g/L = 119.826Kg/m3 

1 oz/gal = 7.489Kg/m3 

lyd3 = 27ft3 = 764.555 L = 0.7646m3 

1 acre-ft = 1233.482m3 

1 gallon (US) = 3785cc 

1 ft3 = 0.0283m3= 28.3168 L 

1 ft3/s = 1699.011 L/min = 28.317 Lis 

l ft2/hr = 2.778 x 10·4 ft2/s = 2.581 x 

10·5m2/s 

1 ft/s = 0.03048m/s 

l yd3/min = 0.45ft3/s 

yd3/s = 3.366 galls = 12.743 Lis 

l ft2 = 0.0929m2 

1 acre = 4046.856m2 = 0.405 ha 



PART I - GENERAL CONSIDERATIONS 
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1.0 INTRODUCTION 

1.1 Background 

The "Evaluation of Dredged Material Proposed for Discharge in Waters of the U.S. - Testing Manual", 

commonly referred to as the Inland Testing Manual, updates and replaces "Ecological Evaluation of 

Proposed Discharge of Dredged or Fill Material into Navigable Waters" (USACE, 1976). This updated 

manual contains technical guidance for determining the potential for contaminant-related impacts 

associated with the discharge of dredged material in waters regulated under Section 404 of the CW A 

(inland waters, near coastal waters, and surrounding environs) through chemical, physical, and biological 

evaluations. The technical guidance in the manual is intended for use by Army Corps of Engineers 

(USACE) and Environmental Protection Agency (EPA) personnel, state regulatory personnel, as well as 

dredging permit applicants and others (e.g., scientists, managers, and other involved or concerned 

individuals). The results obtained will be utilized within the context of regulatory requirements (discussed 

in the following sections), to facilitate decision-making with regard to the management of dredged 

material. 

Key changes to the 1976 testing protocol include a tiered testing approach, accommodation for sediment 

quality standards (SQS), 28-d bioaccumulation testing, comparison of benthic test results with those of 

the reference sediment, improved statistics, improved model applications, and new test organisms. Because 

this manual is national in scope, the guidance provided is generic and may need to be modified in certain 

instances. Application of this guidance in some site- and case-specific situations will require best 

professional judgment, appropriately documented. Permit applicants and others are strongly encouraged 

to consult with their appropriate Regional and District experts for additional guidance. 

1.2 Statutory/Regulatory Overview 

The following sections provide a discussion of the statutory and regulatory framework of the Federal 

programs within which decisions regarding the management of dredged material discharge activities are 

made. 

1.2.1 Statutory Overview 

The USACE and EPA share the Federal responsibility for regulating the discharge of dredged material. 

The Clean Water Act (CWA) governs discharges of dredged material into "waters of the United States", 
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including all waters landward of the baseline of the territorial sea. The Marine Protection, Research, and 

Sanctuaries Act (MPRSA) governs the transportation of dredged material seaward of the baseline (in ocean 

waters) for the purpose of disposal. In addition, all activities regulated by these statutes must comply with 

the applicable requirements of the National Environmental Policy Act (NEPA), as well as other Federal 

laws, regulations and Executive Orders which apply to activities involving the discharge of dredged 

material. 

The CW A was enacted by Congress to "restore and maintain the chemical, physical, and biological 

integrity of the Nation's waters." The CWA created three permit programs, under Section 401 (as a 

certification), Section 402 and Section 404, to regulate the point-source discharge of pollutants into waters 

of the U.S. EPA administers Section 402 which established the National Pollutant Discharge Elimination 

System (NPDES) Program to regulate discharges of chemicals, heavy metals, and biological wastes, 

primarily in waste water from industrial processes, publicly owned sewage treatment works, and 

stormwater discharges. The Section 402 program may be delegated by EPA to the States to administer. 

EPA and USACE each administer specific aspects of Section 404 which established a permit program and 

technical guidelines to regulate discharges of dredged or fill material (dredged material and fill material 

disposal sites must be "specified"). States may assume (and most of them have) the program administered 

by EPA under Section 401 and must grant, deny, or waive certification for activities permitted or 

conducted by USACE based on the potential impacts to water quality which may result from a discharge 

of dredged or fill material to waters of the U.S. 

The USACE also administers a regulatory program under Section 10 of the Rivers and Harbors Act of 

1899 (RHA) which regulates dredging and other construction activities in navigable waters. The USACE 

also operates a Federal Civil Works navigation program in conjunction with the CWA and with 

requirements established within Congressional authorization and appropriation statutes, which involves 

extensive dredging and dredged material discharge activities. These USACE programs are operated in 

accordance with NEPA which requires, among other things, the analysis and documentation of potential 

primary and secondary impacts, including those associated with dredging and dredged material discharges. 

1.2.2 Section 404 Regulatory Overview 

The USACE has the primary responsibility for the Section 404 regulatory permit program [the USACE 

regulatory program also administers Section 10 RHA, as well as Section 103 of the MPRSA (for the 

transport of dredged material to the ocean for the purpose of disposal)] and is authorized, after notice and 

opportunity for public comment, to issue permits specifying sites for the discharge of dredged or fill 

material. EPA has the primary role in developing the environmental guidelines, in conjunction with 
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USACE [the Section 404(b)(l) Guidelines (Guidelines)], by which permit applications must be evaluated. 

EPA is also responsible for commenting on proposed USACE permits, prohibiting discharges with 

unacceptable adverse aquatic environmental impacts, approving and overseeing State assumption of the 

program, establishing jurisdiction, and interpreting exemptions. Both USACE and EPA share enforcement 

authority. 

The USACE regulates the discharge of dredged material, resulting from navigation dredging, into waters 

of the United States. The USACE also regulates the discharge of dredged material and incidental 

discharges of dredged material resulting from mechanized landclearing, ditching, channelization, and other 

excavation activities. The Inland Testing Manual has been developed to facilitate testing in conjunction 

with proposed dredged material discharges resulting from navigation dredging. The testing protocols are 

not designed or intended to be applied to discharge of dredged material and incidental discharges of 

dredged material resulting from mechanized landclearing, ditching, channelization, and other excavation 

activities, except where excavation and subsequent discharge activities are of essentially the same character 

as those associated with navigation dredging and disposal (e.g., open water discharges of dredged material 

excavated from a soft-bottom flood control channel or reservoir). 

The USACE's evaluation of a Section 404 permit application involves determining whether the proposed 

project complies with the Guidelines (40 CFR 230) and USACE permit regulations (33 CFR 320-330) 

which require a public interest review of the project. [Public interest factors (listed in 33 CFR 320.4) 

considered with respect to dredged material contaminant-related impacts include water quality, water 

supply and conservation, safety, and fish and wildlife impacts]. A permit is issued provided the proposed 

project complies with the Guidelines and is not contrary to the public interest. The USACE issues 

individual permits and general permits. Individual permits are issued on a project-by-project basis after 

the Guidelines compliance and public interest determinations are made for the specific project at issue. 

General permits, on the other hand, are issued for classes of activities after the USACE conducts the 

Guidelines compliance and public interest reviews and determines that issuance of the general permit will 

not result in more than minimal adverse impacts to the aquatic environment from either a site-specific or 

cumulative standpoint. General permits require little or no reporting, analysis, or paperwork. 

There are three types of general permits issued by the USACE, nationwide permits, regional general 

permits and programmatic general permits. Nationwide permits are issued by the Chief of Engineers and 

apply nationwide. Regional permits are issued by District and Division Engineers and are applicable on 

district or State-wide basis. Programmatic permits are issued (by the Chief of Engineers, as well as District 

and Division Engineers) to other federal, State or local agencies with the intention of providing the 

appropriate level of environmental protection and avoiding unnecessary duplication of effort with the 

agency regulatory activities at issue. 
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There are currently four nationwide permits that pertain to dredging and the discharge of dredged 

material. One authorizes the discharge and return water from confined disposal areas (provided the 

associated dredging is authorized pursuant to Section 10 of the River and Harbor Act of 1899); two other 

nationwide permits authorize the dredging and discharge, respectively, of up to 25 cubic yards of 

material; and a fourth authorizes maintenance dredging of existing marina basins (provided that the 

dredged material is deposited on uplands; return water from a confined disposal area requires separate 

authorization pursuant to Section 404 of the Clean Water Act). The USACE depends on its districts' 

knowledge of potentially contaminated areas and on the discretionary authority of District and Division 

Engineers to develop special conditions and/or require individual permits where contaminated sediments 

are present. General permits are not intended to apply to projects involving the dredging or the discharge 

of contaminated materials. 

USA CE Civil Works activities are conducted in accordance with the Guidelines and the USA CE 

operation and maintenance regulations (33 CFR 335-338). The USACE specifies sites for the discharge 

of dredged material in conjunction with its regulatory and civil works responsibilities. (Permits are not 

actually issued in conjunction with USACE discharge activities). 

1.2.2.1 The Section 404(b)(l) Guidelines 

The Guidelines provide the substantive environmental criteria used in evaluating proposed discharges of 

dredged or fill material into waters of the United States. Fundamental to these Guidelines is the precept 

that dredged or fill material should not be discharged into the aquatic ecosystem, unless it can be 

demonstrated that such a discharge will not have an unacceptable adverse impact either individually or 

in combination with known and/or probable impacts of other activities affecting the ecosystems of 

concern. 

For proposed discharges of dredged material to comply with the Guidelines, they must satisfy four 

requirements found in Section 230.10 as follows. Section 230.lO(a) addresses those impacts associated 

with the loss of aquatic site functions and values of the proposed discharge site, by requiring that the 

discharge site represent the least environmentally damaging, practicable alternative. Section 230. lO(b) 

requires compliance with established legal standards (e.g., issuance or waiver of a State water quality 

certification). Section 230.lO(c) requires that discharge of dredged material not result in significant 

degradation of the aquatic ecosystem. Section 230.10( d) requires that all practicable means be utilized 

to minimize for adverse environmental impacts. 

Testing as described in this manual is part of the larger evaluation of a proposed discharge activity to 
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determine its compliance with the Guidelines. Sections 230.60 and 230.61 of the Guidelines provide the 

basis for certain factual determinations with regard to dredged material discharge activities. Section 

230.60 provides for a general evaluation of the material and establishes a framework to determine, based 

on existing information on the proposed dredging and discharge sites, whether the material at issue 

requires further testing. If the conditions at 230.60 cannot be met or are not applicable, the testing 

requirements of Section 230.61 must be applied. This manual details the testing procedures outlined in 

230.60 and 230.61. Conclusions reached utilizing this manual will be used to make factual determinations 

of the potential effects of a proposed discharge of dredged or fill material on the physical, chemical and 

biological components of the aquatic environment. Such factual determinations are used to make findings 

of compliance or noncompliance with relevant parts of Sections 230.lO(b) (including compliance with 

established water quality standards) and 230.lO(c) (determinations of potential contaminant-related 

impacts to aquatic resources). All specifications of discharge sites must also comply with Section 230.10 

(a) and Section 230.lO(d). Site monitoring and/or management activities developed following the use of 

this manual may be said to contribute to satisfying the aforementioned requirements of Section 230. lO(d). 

Once compliance with the Guidelines is established, information developed utilizing the manual will also 

be factored into the USACE public interest determination which is required by its regulatory permit 

regulations for proposed non-Federal dredged material discharge activities, or its determinations required 

by the operation and maintenance regulations pertaining to Federal Civil Works activities. In making 

determinations with regard to its regulatory and civil works responsibilities, the USACE considers a 

continuum of discharge options, on a project-specific basis, including alternative sites, mitigation and 

specific site management and monitoring conditions. Determination of whether a material, which would 

not otherwise comply with the Guidelines or with other USACE regulatory and civil works requirements, 

could be brought into compliance through appropriate management actions or other discharge methods, 

is beyond the scope of this manual. 

1.2.2.2 Particulars of Sections 230.60 and 230.61 

Reason to Believe - Subpart G of the 404(b)(l) guidelines requires the use of available information to 

make a preliminary determination concerning the need for testing of the material proposed for dredging. 

This principle is commonly known as "reason to believe". The decision to not perform testing based on 

prior information must be documented in order to provide a "reasonable assurance that the proposed 

discharge material is not a carrier of contaminants" (by virtue of the fact that it is sufficiently removed 

from sources of pollution) [230.60(b)]. The reason to believe that no testing is required is based on the 

type of material to be dredged and/or its potential to be contaminated. For example, dredged material 

is most likely to be free of contaminants if the material is composed primarily of sand, gravel, or other 
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inert material and is found in areas of high current or wave energy [230.60(a)]. In addition, knowledge 

of the proposed dredging site proximity to other sources of contamination, as well as that gained from 

previous testing or through experience and knowledge of the area to be dredged, may be utilized to 

conclude that there is no reason to believe that contaminants are present [230.60(b)] and, therefore, no 

need for testing. This general evaluation comprises procedures found in Tier I of the manual's tiered

testing framework. Tier I is a comprehensive analysis of all existing and readily available information 

on the proposed dredging project, including all previously collected physical, chemical, and biological 

data for both the proposed dredging and discharge sites. A more complete discussion of technical factors 

to consider with respect to Sections 230.60(a) and (b) in Tier I is provided in Section 4.0. 

Exclusions From Testing - Sections 230.60(c) and (d) provide for specific circumstances in which the 

discharge of dredged material which is suspected to be contaminated may be conducted without further 

testing. Section 230.60(c) provides that where the proposed discharge and dredging sites are adjacent and 

are comprised of similar materials and subject to the same source(s) of contaminants, disposal may be 

conducted without further testing because the discharge is not likely to result in degradation of the 

discharge site, as long as the potential spread of contaminants to less contaminated areas can be 

prevented. Section 230.60(d) provides that the discharge of contaminated dredged material may be 

conducted without further testing if constraints, acceptable to USACE and EPA, are available to reduce 

contamination to acceptable levels within the discharge site, and to prevent contaminants from being 

transported beyond the proposed discharge site boundaries. 

Conclusions reached with regard to dredged material discharges without testing, in accordance with 

Section 230.60, must be described in the appropriate factual determination. Even though material may 

be excluded from testing under the manual the water quality certifying agency may require testing to 

demonstrate compliance with state laws. Even in cases where the discharge site is adjacent to the 

dredging site, potential differences in contaminant bioavailability may occur. 

Reference Sediment - The manual requires comparison of testing results between the proposed dredged 

material and a reference sediment (see previous Definitions section). The USACE and EPA believe that 

the use of a reference sediment provides an accurate information base for predicting cumulative 

bioaccumulation and benthic impacts resulting from the discharge of dredged material. 

1.2.3 Relationship to Section 401 CWA Water Quality Certification 

Section 401 of the CWA requires that all Federal permits and licenses, including those for the discharge 

of dredged material into waters of the United States, authorized pursuant to Section 404 of the CW A, 
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must be certified as complying with applicable State water quality standards (WQS). The Guidelines at 

40 CFR 230.lO(b) state in part that "No discharge of dredged or fill material shall be permitted if it: 

(1) Causes or contributes, after consideration of disposal site dilution and dispersion, to violations of any 

applicable State water quality standard." This applies at the edge of a State designated mixing zone. 

The process for adoption of State WQS is prescribed at 40 CFR 131. States must issue, condition, deny, 

or waive a Water Quality Certification for activities permitted or conducted by USACE, certifying that 

no adverse water quality impacts will occur based on determinations of compliance with applicable State 

WQS which have been adopted in accordance with the above regulation. State water quality standards 

consist of designated uses, narrative and numeric criteria designed to support those uses, and anti

degradation provisions. This testing manual is intended to provide guidance for the dredged material 

testing necessary to determine compliance with such State WQS. 

States may, at their discretion, include in their State standards policies generally affecting their 

application and implementation, e.g. mixing zones (40 CFR 131.13). A mixing zone is a limited volume 

of water serving as a zone of initial dilution in the immediate vicinity of a discharge point where 

receiving water may not meet quality standards or other requirements otherwise applicable to the 

receiving water (40 CFR 230.3). Where mixing zone provisions are part of the State standards, the State 

should describe the procedures for defining mixing zones. 

According to EPA (199lb), mixing zone concentrations should not exceed acute water quality standards 

and, considering likely pathways of exposure, there should be no significant human health risks. For 

dredged material discharges which only occur periodically, water quality standard compliance in the 

mixing zone is generally focused on aquatic life, not on human health, which is based on long-term 

exposures to contaminants. (Long-term exposures resulting from accumulations of dredged material at 

the disposal site can be evaluated by such means as bioaccumulation tests). Acute or chronic standards 

may be appropriate, depending on the duration of discharge and characteristics of the discharge site. 

Many States have statutory or regulatory requirements for use of State-owned lands, including aquatic 

(marine and freshwater) bedlands. For discharges of dredged or fill materials into waters of the U.S. 

which are also waters of State or State-owned lands, specific requirements (including testing) for "use" 

of State lands may exist which need to be considered. The responsible State land-management agency 

may be different from the agency which normally issues the WQS or coastal zone certification. At a 

minimum, coordination with the responsible State agency should occur to avoid conflicts with or impacts 

to existing and/or future uses of State lands. In parts of the country, cooperative State-federal dredged 

material or sediment management ventures are in place or are being pursued to identify disposal sites, 

develop consistent regional management standards, and to monitor maintenance of those standards [e.g., 
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the Puget Sound Dredged Material Disposal Analysis (State of Washington) and San Francisco Long

Term Management Strategy (LTMS - State of California)]. These programs are intended to streamline 

the regulatory process associated with dredging and dredged material disposal. 
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2.0 SCOPE AND APPLICABILITY 

This manual is directed towards evaluation of proposed discharges of dredged material (associated with 

navigational dredging or dredging activities of essentially the same character as navigational dredging) 

in open water. It utilizes both chemical and biological analyses as necessary, to provide effects-based 

conclusions within a tiered framework with regard to the potential for contaminant-related water column, 

benthic toxicity and benthic bioaccumulation impacts. The tiered-testing procedure detailed in Section 3.1 

is comprised of four levels (tiers) of increasing investigative intensity which generate information to assist 

in making contaminant-related determinations. Tiers I and II use existing or easily acquired information 

and apply relatively inexpensive and rapid tests to predict environmental effects. Tiers III and IV contain 

biological evaluations which are more intensive and require field sampling, laboratory testing, and 

rigorous data analysis. 

2.1 

2.2 

• 

This Manual is Intended to Address: 

contaminant-related impacts associated with discharges of dredged material (resulting from 

navigational dredging or dredging activities of essentially the same character as navigation 

dredging, such as open water discharges of dredged material excavated from a soft-bottom 

flood control channel or reservoir) in open water disposal areas, including wetlands. 

• contaminant-related impacts to waters of the U.S. associated with dredged material runoff 

from confined disposal areas. Guidance on evaluation of such discharges is provided in 

Appendix B. 

• 

• 

• 

This Manual is Not Intended to Address: 

impacts associated with the dredging activity itself . 

impacts associated with dredged material discharges associated with excavation of 

drainage ditches and landclearing. 

impacts associated with the discharge of fill material. However, where dredged material 

associated with navigational dredging will be discharged in open water as fill, the 

procedures of this manual are applicable. 
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• microbiological impacts except for impacts in conjunction with the State designated use 

of a waterbody and human health considerations. The manual provides a list of applicable 

references, as the technology for analyzing other potential impacts from microorganisms 

(e.g., modeling potential pathways of contamination) is in various stages of development. 

Although scientifically accepted mechanisms for predicting the degree of potential 

microbiological impacts are not yet available, site management techniques are available 

(but are beyond the scope of this manual) to address potential impacts (e.g., aerating 

dredged material to kill anaerobic organisms). 

Dredged Material Discharge for Beneficial Uses 

The testing procedures in this manual should also be applied when navigational dredged material is 

proposed for certain beneficial uses. To the extent that dredged material will be discharged into open 

water in conjunction with a beneficial use and the evaluation of its suitability requires analysis of 

contaminant-related impacts listed in 2.1, the testing protocols of this manual should be applied. 

However, other evaluations may be necessary, in addition to those in this manual, to assess the potential 

for contaminant-related impacts through pathways other than those provided by open water. For example, 

contaminants in dredged material proposed for wetlands creation which will not adversely affect the open 

water environment, may be taken up by wetlands vegetation, thereby requiring evaluations that are not 

detailed in this manual. 

This manual may also apply to dredged material used for beach nourishment. Beach nourishment 

normally involves hydraulic or mechanical placement of uncontaminated materials near a shoreline. As 

with other beneficial uses, dredged material proposed for beach nourishment often can be excluded from 

chemical or biological testing; the focus is on analysis to determine physical compatibility as measured 

by grain size and total organic carbon (see Section 9.1). However, if there is a reason to believe that 

contaminants are present, further evaluation should be performed. 

2.4 The Role of Biological Evaluations (Toxicity and/or Bioaccumulation Tests) in the 

Manual 

As noted in Section 230.61 of the Guidelines, the evaluation process will usually entail investigation of 

potential biological effects, rather than merely chemical presence, of the possible contaminants. Biological 

evaluations serve to integrate the chemical and biological interactions of the suite of contaminants which 

may be present in a dredged material sample, including their availability for biological uptake, by 
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measuring their effects on test organisms. Within the constraints of experimental conditions and the end

points of effects measured, biological evaluations provide for a quantitative comparison of the potential 

effects of a dredged material when compared to reference sediments. Thus, a specified level of change 

compared to reference conditions and a statistically significant result in this comparison indicate that the 

discharge of the dredged material in question may cause a direct and specific biological effect under test 

conditions and, therefore, has the potential to cause an ecologically undesirable impact. Guidance for the 

conduct of biological tests is given in Sections 11 and 12. 

Dredged material potentially contains a myriad of chemical contaminants which may adversely impact 

aquatic organisms. The literature is replete with examples where aquatic organism sensitivity varies with 

the type of contaminant (e.g., see Rand and Petrocem, 1985) and, as a result, a suite of aquatic species 

are routinely recommended to fully assess the impact of contaminants on a biological community. In this 

manual, three sensitive species are recommended for the water column and whole sediment toxicity tests. 

In the case of the latter, two species can be used, provided they cover three functional characteristics: 

filter feeder, deposit feeder, burrower. In both cases, at least one of these species must be a sensitive 

"benchmark" species. For assessing bioaccumulation, adequate tissue biomass and the ability to ingest 

sediments is more important than taxon sensitivity. Where possible, two species should be used to assess 

potential bioaccumulation unless adequate regional data are available to justify single species testing. 

It is important to recognize that dredged material bioassays (toxicity and bioaccumulation tests) are subject 

to interpretation and are not precise predictors of environmental effects. This manual does not provide 

quantitative guidance on interpreting the ecological meaning of such effects (e.g., the ecological 

consequences of a given tissue concentration of a bioaccumulated contaminant or the consequences of that 

body burden to the animal). Rather, the manual considers statistically significant increases above certain 

levels compared to the reference sediment as potentially undesirable. Because a statistically significant 

difference is not a quantitative prediction that an ecologically important impact would occur in the field 

or vice versa, this manual discusses additional factors to be weighed in evaluating potential ecological 

impact. This is more likely to result in environmentally sound evaluations than is reliance on statistical 

significance alone. 

Bioaccumulation evaluations indicate biological availability of contaminants in dredged material, which 

may bioaccumulate and bioconcentrate in (or, for a few chemicals, biomagnify up) aquatic food webs to 

levels which might be harmful to consumers, including human beings, without killing the intermediate 

organisms. To use bioaccumulation data, it is necessary to predict whether there will be a cause-and-effect 

relationship between the animal's exposure to dredged material and a meaningful adverse elevation of 

body burden of contaminants above that of similar animals not exposed to the dredged material. 
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2.5 The Role of Water and Sediment Chemical Evaluations in the Manual 

Chemical evaluations of water and sediments are conducted for the following reasons: 

• to determine contaminant concentrations in the dredged material 

• to determine contaminant concentrations in the discharge or reference sites 

• to determine compliance with water quality standards (WQS) . 

Chemical evaluations may be made on the basis of previous chemical inventories, when there is a reason 

to believe that the dredged material contains no new contaminants, or that there is no difference between 

contaminants in the dredged material and the disposal site [Tier I; Section 230.60(a)-(c) of the 

Guidelines]. The latter may be the case where the discharge site is adjacent to the dredging site, and 

potential differences in contaminant bioavailability are considered unlikely. There may, however, be 

concern with potential water column effects which would warrant evaluation of such potential effects (Tier 

II; Section 2.6). In particular, it must be shown that unacceptable levels of dissolved and suspended 

contaminants from the discharge either will not be released and transported to less contaminated areas, 

or can be managed. 

Initial evaluation of water column chemistry may be carried out through the use of a numerical dispersion 

model based on bulk sediment chemistry (Section 5 .1.1). If this model indicates the potential for adverse 

effects, a chemical evaluation of potential water column effects may be conducted through the use of elu

triate tests [Tier II; Section 230.6l(b)(2) of the Guidelines]. In this procedure an aqueous extract (i.e., 

an elutriate) is prepared from the material to be discharged, and the dissolved contaminants are compared 

to water quality standards with consideration of mixing. This comparison requires that dissolved 

contaminants in reference water (ambient condition) also be analyzed. 

The above elutriate test is used to determine compliance with WQS with consideration of mixing. The 

elutriate test provides an indirect evaluation of potential biological effects, because WQS are derived from 

toxicity tests of solutions of various contaminants. Even if WQS are met, biological evaluations (see 

Section 2.4) must be considered. 

2.6 Water Column Effects 

The dredged material impact in the water column must be within the available WQS for all contaminants 

of concern outside of the mixing zone. If disposal operations result in long-term exposures, compliance 

with chronic aquatic and/or human health standards should be evaluated. Wildlife standards, if available, 

should also be considered. Water column toxicity tests are used to provide information on the toxicity 
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of contaminants not included in water quality standards, and also to indicate possible interactive effects 

of multiple contaminants. 

2.7 Mixing 

Appendix C describes the method to be used for estimating the effect of mixing for water column 

evaluations. 40 CFR 230. l l(f)(2) describes the factors to be considered in defining mixing zones; States 

may use additional factors in such definition. This method is applied in evaluating the potential for 

impacts of the portion of dredged material that remains in the water column; all water quality and water 

column toxicity data must be interpreted in light of mixing [Section 230.61 (b)(2)(ii) of the Guidelines]. 

This is necessary because biological effects (which are the basis for WQS) are a function of the 

biologically available contaminant concentration and exposure time of the organisms. Laboratory toxicity 

tests expose organisms to specific concentrations for fixed periods of time, whereas in the field both 

concentration and exposure time to contaminants change continuously due to mixing and dilution. Both 

factors interact to control the degree of biological impact. Thus, it is necessary to incorporate the mixing 

expected at the discharge site into the interpretation of data. 

2.8 Benthic Effects 

Generally, the greatest potential for environmental effects from dredged material discharge lies in the 

benthic environment. Deposited dredged material is not mixed and dispersed as rapidly or as greatly as 

the portion of the material that may remain in the water column, and bottom dwelling animals living and 

feeding on deposited material for extended periods represent the most likely pathways by which adverse 

effects to aquatic biota can occur. Therefore, the major evaluative effort must be placed on deposited 

material and the benthic environment, unless there is a compelling reason to do otherwise. The approach 

in this manual is conservative (i.e., protective) as it uses whole-sediment bioassays (toxicity and 

bioaccumulation tests) to evaluate the solid phase of the dredged material. Sediment chemical analyses 

currently cannot be used to directly evaluate the biological effects of any contaminants which may be 

present in dredged material because such potential effects are a function of bioavailability. However, as 

noted in Section 2.5, there are circumstances where it may be reasonably assumed that bioavailability in 

the dredged material and the discharge site are similar. When decisions cannot be made using evaluations 

in Section 230.60 of the Guidelines, bioaccumulation tests should be used to directly determine the 

bioavailability of potential contaminants. 

2.9 Management Options 

Some dredged material evaluated in accordance with technical procedures in this manual may demonstrate 
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a potential for unacceptable environmental impacts or not meet Federally approved State WQS. If so, a 

careful case-by-case evaluation of management options (e.g., alternative dredging and discharge methods, 

alternative discharge sites, confined disposal, capping, site controls such as covers and/or liners) will be 

necessary to determine whether the proposed discharge can be made acceptable or can be brought into 

compliance with the Guidelines and State WQS. As previously noted, it is beyond the scope of this 

manual to determine whether a material which would not otherwise comply with the Guidelines, could 

be brought into compliance through appropriate management actions or other discharge methods. 

2.10 The Relationship of the Inland Testing Manual to Other USACE/EPA Dredged 

Material Management Efforts 

2.10.1 Relationship of the Manual to the USACE/EPA Framework Document 

EPA and USACE have long recognized the need for a consistent technical framework for decision-making 

regarding the discharge of dredged material in ocean, near coastal, and inland waters (e.g., see 

Francingues et al., 1985; Wright and Saunders, 1990). This manual is one of a series of guidance 

documents jointly developed by EPA and the USACE in response to that recognition. This series of 

guidance documents includes the "Evaluating Environmental Effects of Dredged Material Management 

Alternatives - A Technical Framework" (USACE/EPA, 1992) which articulates those factors (including 

the potential for and degree of contaminant-related impacts) to be considered in identifying the 

environmental effects of dredged material management alternatives on a continuum from uplands to 

oceans, and which meet the substantive and procedural requirements of NEPA, CWA and MPRSA. The 

companion testing manual for ocean disposal, the Green Book (EPA/USACE, 1991) is included in the 

series. Application of the testing guidance in this manual within the context of the Framework Document 

will allow for consistency in decision-making with respect to technical considerations, across statutory 

boundaries and with consideration of the continuum of dredged material discharge options. 

2.10.2 Relationship of the Manual to the EPA/USACE Green Book 

Although the Ocean Dumping and the CW A programs carry out their functions under different mandates 

and different environments (estuarine, lake and riverine versus ocean), there is a considerable overlap in 

terms of practical application. The Guidelines are statutorily directed to be based upon criteria comparable 

to those developed under Section403(c) for the territorial seas, contiguous zone, and ocean. Additionally, 

in previous guidance both EPA and USACE have acknowledged the ecological similarity of all aquatic 

areas and the need for a consistent technological analysis framework, particularly when the waters of the 

ED_013073_00000028-00040 



2-7 

United States under consideration for a discharge are near-coastal. While details of this manual are 

necessarily different from one addressing only ocean waters, the tiered testing framework and concepts 

of the Green Book are an appropriate paradigm. The Inland Testing Manual also utilizes the Green 

Book's reference site approach which provides a more accurate data base for cumulative impact analysis. 

Dredged material transported for purposes of dumping or disposal seaward of the baseline of the 

territorial sea will continue to be regulated under the MPRSA (commonly referred to as the Ocean 

Dumping Act). MPRSA-regulated dredged material disposal will be tested in accordance with procedures 

outlined in the Green Book (EPA/USACE, 1991). As previously discussed, dredged material used as fill 

within the territorial sea, such as for beach nourishment, is regulated under the CW A and will be tested 

in accordance with this manual. 

2.10.3 Relationship of the Manual to EPA's Contaminated Sediment Strategy and Sediment 

Quality Criteria 

EPA is developing a Contaminated Sediment Management Strategy (Strategy; Southerland et al., 1992) 

which is a multi-program effort to address contaminated aquatic sediments in the United States. The 

Strategy is intended to improve the understanding of the extent and severity of sediment contamination 

and to propose prevention, control, and remediation programs. The Strategy describes the policy 

framework and specific actions EPA could take to promote the consideration of and reduction of 

ecological and human health risks posed by sediment contamination. The Strategy also recommends a 

comprehensive research program and outreach activities with other agencies and the general public. 

One component of the Strategy is the development of Sediment Quality Criteria (SQC), which are derived 

numerical values representing the concentration of chemicals in sediment which are determined to 

adversely affect benthic organisms. SQC are included in EPA's approach to defining contamination in 

sediments, and are envisioned to play a range of roles in all programs, from assessment to remediation. 

When finalized, SQC likely will be incorporated into the Inland Testing Manual in Tier II. SQC could 

also form the basis for State SQS. The Inland Testing Manual is structured such that evolving science 

may be readily merged into the document. 

ED_013073_00000028-00041 



PART II- EVALUATION OF POTENTIAL ENVIRONMENTAL IMPACT 

ED_013073_00000028-00042 



3-1 

3.0 OVERVIEW OF TESTING AND EVALUATION 

As noted in Section 1.2.2.1, conclusions reached utilizing this manual will be used to make factual 

determinations of the potential effects of a proposed discharge of dredged material on the physical, 

chemical and biological components of the aquatic environment. Such factual determinations are used to 

make findings of compliance or noncompliance with relevant parts of Sections 230.lO(b) (including 

compliance with established water quality standards) and 230.lO(c) (determinations of potential 

contaminant-related impacts to aquatic resources). 

3.1 Tiered Testing and Evaluation 

The tiered approach to testing used in this manual must be initiated at Tier I. It is designed to aid in 

generating physical, chemical, toxicity and bioaccumulation information, but not more information than 

is necessary to make factual determinations. This allows optimal use of resources by focusing the least 

effort on disposal operations where the potential (or lack thereof) for unacceptable adverse impact is clear, 

and expending the most effort on operations requiring more extensive investigation to determine the 

potential (or lack thereof) for impact. To achieve this objective, the procedures in this manual are arranged 

in a series of tiers, or levels of intensity (and cost) of investigation. Tiered testing results in environmental 

protection in the context of more efficient completion of necessary evaluations and reduced costs, 

especially to low-risk operations. Disposal operations that obviously have low environmental impact 

generally should not require intensive investigation to make factual determinations. Evaluation at 

successive tiers is based on more extensive and specific information about the potential impact of the 

dredged material, that may be more time-consuming and expensive to generate, but that allows more and 

more comprehensive evaluations of the potential for environmental effects. At any tier except for Tier 

IV, failure to satisfactorily determine the potential for unacceptable aquatic environmental impact, or to 

develop sufficient information to make factual determinations, results in additional testing at a subsequent, 

more complex tier unless a decision is made to seek other disposal alternatives (thereby avoiding the 

potential for unacceptable aquatic environmental impacts). 

It is necessary to proceed through the tiers only until information sufficient to make factual determinations 

has been obtained. For example, if the available information is sufficient to make factual determinations, 

no further testing is required. 

The initial tier (Tier I) uses readily available, existing information (including all previous testing). For 

certain dredged materials with readily apparent potential for environmental impact (or lack thereof), 

information collected in Tier I may be sufficient for making factual determinations. However, more 
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extensive evaluation (Tiers II, III and IV) may be needed for other materials with less clear potential for 

impact or for which Tier I information is inadequate. 

Tier II is concerned solely with sediment and water chemistry. Tier III is concerned with well-defined, 

nationally accepted toxicity and bioaccumulation testing procedures. Tier IV allows for case-specific 

laboratory and field testing, and is intended for use in unusual circumstances. 

The approach is to enter Tier I and proceed as far as necessary to make factual determinations. Although 

it is not always necessary that all dredged material be evaluated through all tiers, there must be enough 

information available to make determinations on all aspects of the Guidelines relating to water column 

impact, benthic toxicity and benthic bioaccumulation. It is acceptable to carry water-column and benthic 

evaluations, or toxicity and bioaccumulation evaluations, to different tiers to generate the information 

necessary and sufficient to make these determinations. 

Prior to initiating testing, it is essential that the informational requirements of preceding tiers be thoroughly 

understood and that the information necessary for interpreting results at the advanced tier be assembled. 

For example, it is always appropriate to gather all relevant available information and identify the chemicals 

of concern for the dredged material in question even though it may be clear without formal Tier I 

evaluation that further assessment will be necessary. 

The tests in this manual reflect the present state-of-the-art procedures for dredged material evaluation. 

However, it is recognized that the evaluation of dredged material is an evolving field. It is anticipated that, 

as new methods of evaluation are developed and accepted, they will be integrated into the tiered 

framework. The tiered approach will be maintained because of the efficiency afforded by its hierarchical 

design. 

The tiered approach used in the manual is summarized in Figure 3-1, and additional detail on water 

column and benthic evaluation is presented in Figures 3-2 and 3-3. These flowcharts should be used in 

conjunction with a careful reading of the corresponding guidance presented in this manual, in particular 

Sections 4, 5, 6 and 7. The sections or figures in the manual that present the technical guidance shown 

by the flowcharts are indicated in the boxes on the figures. 

3.2 Control and Reference Sediments 

It is important to clearly distinguish between control and reference sediments in the context of testing for 

benthic impacts. In general, control sediment is that within which the organisms resided prior to 
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Figure 3-1. Simplified Overview of Tiered Approach to Evaluating Potential Impact of Aquatic Disposal of Dredged Material. 
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Figure 3-2. Illustration of Tiered Approach to Evaluating Potential Water Column Impacts of Dredged 
Material. 
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collection in the field or is that within which they were cultured in the laboratory, and serves to 

confirm the health of the test animals and the acceptability of the test conditions. Generic control 

sediments are also possible and consist of field-collected or laboratory prepared sediment. Reference 

sediment is the key to the evaluation of dredged material. Results of tests using reference sediment 

provide the point of comparison (reference point) to which benthic effects of dredged material are 

compared. 

In some cases, it may be appropriate to use more than one reference sediment for a single dredging 

project. This could occur when the dredged material or the disposal site has a wide range of grain

sizes or TOC, when management needs suggest that disposal of different dredged materials at 

different locations in the disposal site is desirable, or when discharge at more than one site is being 

considered. One reference site can serve more than one disposal site. 

3.2.1 Reference Sediment Sampling 

Reference sediment is the point of comparison for evaluating test sediment. Testing requirements 

in the Section 404(b)(l) Guidelines regarding the point of comparison for evaluating proposed 

discharges of dredged material are being updated to provide for comparison to a "reference 

sediment" as opposed to sediment from the disposal site. Because subsequent discharges at a 

disposal site could adversely impact the point of comparison, adoption of a reference sediment that 

is unimpacted by previous discharges of dredged material will result in a more scientifically sound 

evaluation of potential individual and cumulative contaminant-related impacts. This change to the 

Guidelines was proposed in the Federal Register in January 1995, public comments have been 

received, and a final rule Notice is being prepared. It is expected that the final rule will be published 

prior to July 1, 1998, and as a result the reference sediment approach will be implemented in the 

ITM. 

Reference sediment is generally collected outside the influence of previous disposal operations at 

a dredged material disposal site, but near enough to the disposal site that the reference sediment is 

subject to all the same influences (except previously disposed dredged material) as the disposal site. 

If there is a potential for sediment migration or there is a reason to believe that previously disposed 

sediment has migrated, reference sediment should be collected from an area that is not expected to 

be influenced by test material. There are four potential reference sampling approaches as discussed 

below. We recommend the first two reference approaches because they allow statistically valid 

comparisons. 
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Reference Point Approach: This approach is used when the disposal site is known to be sufficiently 

homogeneous that a single reference location is representative of the disposal site. A single reference 

location is sampled and the sediment is tested concurrently with the dredged material. The bioassay 

results from the reference sediment are statistically compared to those obtained from benthic toxicity 

and bioaccumulation tests of the material to be dredged. 

Reference Area Approach: This approach is used when the disposal site is known to be 

heterogeneous and more than one reference location must be sampled to adequately characterize the 

disposal site. Several reference locations are sampled and a composite of all of the sediments are 

tested concurrently with the dredged material. The bioassay results from the reference sediment 

composite are statistically compared to those obtained from benthic toxicity and bioaccumulation 

tests of the material to be dredged. 

Periodic Reference Point Approach: This approach could, theoretically, be used when it is not 

desirable or possible to sample the reference location each time that dredged material is to be tested. 

Values from the homogeneous reference location collected over a period of time are used to develop 

decision guidance values which are compared to those obtained from benthic toxicity and 

bioaccumulation tests of the material to be dredged. 

Periodic Reference Area Approach: This approach could, theoretically, be used when it is not 

desirable or possible to sample the heterogeneous reference locations each time that dredged material 

is to be tested. Values from heterogeneous reference locations collected over a period of time are 

used to develop decision guidance values which are compared to those obtained from benthic 

toxicity and bioaccumulation tests of the material to be dredged. 

Appendix D, Statistical Methods, provides guidance for conducting statistical comparisons for the 

reference point and reference area approaches. It does not provide guidance for the use of either of 

the "periodic" approaches. 

3.2.2 Reference Sediment Sampling Plan 

The importance of thoughtful selection of the reference sampling approach cannot be 

overemphasized. To ensure that an appropriate approach is used, information gathered during the 

site specification process or other studies should be consulted for both the disposal and the reference 

sites. In some instances there are differences in the statistical methods used in comparing results 

from the various reference sampling methods to those obtained from the dredged material being 
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evaluated. There may also be differences in costs among the approaches. Prior to selecting an 

approach, it is imperative that Appendix D be consulted to determine which approach best fits 

specific concerns and conditions, including feasibility, technical validity, and cost. 

A well-designed sampling plan is essential to the collection, preservation, and storage of samples 

so that potential toxicity and bioaccumulation can be accurately assessed (Section 8). The 

implementation of such a plan is equally essential for dredged material, control sediment, and 

reference sediment. 
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4.0 TIER I EVALUATION 

One of the purposes of Tier I is to determine whether factual determinations can be made on the basis of 

existing information. Tier I is a comprehensive analysis of all existing and readily available, assembled, 

and interpreted information on the proposed dredging project, including all previously collected physical, 

chemical, and biological monitoring data and testing for both the dredged material excavation site and the 

proposed disposal site. Only limited testing, to determine the applicability of exclusions, may be necessary 

in this tier. 

If the information set compiled in Tier I is adequate to meet the exclusions or is complete and comparable 

to that which would satisfy Tier II, III, or IV, as appropriate, factual determinations can be made without 

proceeding into the higher tiers (Figure 3-1). For an evaluation to be completed within Tier I, the burden 

of evidence of the collected information must be adequate to make factual determinations. 

The initial focus of the Tier I evaluation is on information relevant to Sections 230.60 (a), (b), (c), and 

(d) of the Guidelines and the potential for contaminant-associated impacts upon discharge. These four 

sections of the Guidelines fully define the exclusions from testing, which are summarized below. 

If an evaluation of the dredging site indicates that the dredged material is not a "carrier of contaminants", 

testing may not be necessary. Such situations are most likely to arise if: the dredged material is 

composed primarily of sand, gravel and/or inert materials; the sediments are from locations far removed 

from sources of contaminants; the sediments are from depths deposited in preindustrial times and not 

exposed to modem sources of pollution. However, potential impacts from natural mineral deposits must 

also be considered. 

Testing may also not be necessary "where the discharge site is adjacent to the excavation site and subject 

to the same sources of contaminants, and materials at the two sites are substantially similar "(Section 

230.60 (c)). However, some physical and chemical testing may be necessary to confirm that the two sites 

are "substantially similar". The rationale behind this exclusion from testing is that when 1) the discharge 

and excavation sites are adjacent, 2) the concentration of contaminants in the two sites are not substantially 

different, and 3) the geochemical environments are similar, then the bioavailability of contaminants at the 

two sites are likely to be similar. This exclusion can apply even if the dredged material is a carrier of 

contaminants, providing that "dissolved materials and suspended particulates can be controlled to prevent 

carrying pollutants to less contaminated areas". 

Section 230.60 (d) states that testing may not be necessary with material likely to be a carrier of 

contaminants if constraints acceptable to the USACE District Engineer and EPA Regional Administrator 
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are available to "reduce contamination to acceptable levels within the disposal site and to prevent 

contaminants from being transported beyond the boundaries of the disposal site". Such constraints may 

involve technologies such as capping and underwater containment. Design and monitoring requirements 

for such constraints should be determined by the Regional Administrator and District Engineer on a case

by-case basis. 

If the exclusionary criteria are satisfied, factual determinations for the dredged material can be made and 

no further evaluation is necessary. If the exclusionary criteria are not met, the material is evaluated based 

on all existing information. This information should include chemical information and, if appropriate, 

existing data on the toxicity and bioaccumulation potential of the dredged material and of the reference 

sediment. The information must be sufficient to determine if water quality standards are met and, if 

appropriate, whether l % of the LC50 or EC50 of each tested species will or will not be exceeded in the 

water column following mixing. If adequate information is not available for a Tier I evaluation, the 

process moves to Tier II. 

Even if factual determinations cannot be made on the basis of Tier I information, the information collected 

can be put to use in later tier analyses. Another purpose of Tier I is to identify the contaminants of 

concern (if any) in the dredged material. This information is used to select analyses in Tiers II, III, and 

IV. Similarly, other information collected in Tier I may be used to satisfy all or portions of evaluations 

in other tiers. It is necessary to proceed through the tiers only until a factual determination is reached. 

Rigorous information collection and assessment in Tier I inevitably saves time and resources in making 

final determinations. 

Annual or episodic dredging, undertaken to maintain existing navigation improvements, may warrant a 

periodic Tier I reevaluation. The general recommendation of EPA and USACE is that the interval 

between reevaluation of Tier I data for these projects not exceed three years or the dredging cycle, 

whichever is longest. If there is reason to believe that conditions have changed, then the time interval 

for reevaluation may be less than three years. As a minimum, this reevaluation should include a technical 

reassessment of all new and previously evaluated physical, chemical and biological data, changes in 

sediment composition or deposition (e.g., industrial development in the watershed), improvements in 

analytical methods and contaminant detectability, quality assurance considerations and any regulatory 

changes. 
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4.1 Compilation of Existing Information 

The potential for contaminants to have been introduced to the dredged material, evaluated with 

consideration of the physical nature of the dredged material, and the proposed disposal site, allows case

by-case determinations of whether the proposed discharge of dredged material may result in 

contamination, bioaccumulation or toxicity above reference levels. Section 230.60 (b) of the Guidelines 

lists a number of factors which should be considered when evaluating the potential for contamination at 

the dredging (i.e., extraction) site. These factors represent sources of contamination, pathways of 

contaminant transport, and naturally occurring substances which may be harmful to aquatic biota: 

• urban and agricultural runoff 

• sewer overflows/bypassing 

• industrial and municipal wastewater discharges 

• previous dredged or fill discharges 

• landfill leachate/groundwater discharge 

• spills of oil or chemicals 

• releases from Superfund and other hazardous waste sites 

• illegal discharges 

• air deposition 

• biological production (detritus) 

• mineral deposits. 

The information gathering phase of Tier I evaluations has to be as complete as is reasonably possible, 

including existing information from all reasonably available sources. This will increase the likelihood 

that determinations concerning the impact of dredged material may be made at initial tiers. Sources of 

available information include the following, without limitation: 

• Results of prior physical, chemical, and biological tests and monitoring of the material 

proposed to be disposed. 

• Information describing the source of the material to be disposed which would be relevant 

to the identification of potential contaminants of concern. 

• Existing data contained in files of agencies such as EPA or USACE or otherwise 

available from public or private sources. Examples of sources from which relevant 

information might be obtained include: 

• Selected Chemical Spill Listing (EPA) 

• Pesticide Spill Reporting System (EPA) 

• Pollution Incident Reporting System (United States Coast Guard) 
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• Identification of In-Place Pollutants and Priorities for Removal (EPA) 

• Hazardous waste sites and management facilities reports (EPA) 

• USACE studies of sediment pollution and sediments 

• Federal STORET, BIOS, CETIS, and ODES databases (EPA) 

• Water and sediment data on major tributaries (Geological Survey) 

• NPDES permit records 

• Agencies with contaminant or related information, for instance, Fish and 

Wildlife Service (FWS), National Oceanic and Atmospheric Administration 

(NOAA), regional planning commissions, state resource/survey agencies 

• CW A 404(b )( 1) evaluations 

• Pertinent and applicable research reports 

• MPRSA 103 evaluations 

• Port and marina authorities 

• Colleges/Universities 

• Records of State agencies, (e.g., environmental, water survey, transportation, 

health) 

• Superfund sites, hazardous waste sites 

• Published scientific literature. 

Sources may contribute differing types and quantities of contaminants to sediments. For example, a 

matrix of potential correlations between industrial sources and specific contaminants is provided in Table 

4-1. This matrix is, however, not all inclusive and makes no accounting for current pollution control 

practices. 

There are also a number of factors which influence the pathways between contaminant sources and the 

dredging and disposal sites, including: 

• 
• 
• 
• 
• 
• 

bathymetry 

water current patterns 

tributary flows 

watershed hydrology and land uses 

sediment and soil types 

sediment deposition rates . 

More detailed site-specific guidance for reaching administrative decisions concerning the impact of a 

dredged material discharge may be developed by particular EPA Regions and USA CE Districts by 

considering available scientific information and locally important concerns. In evaluating the likelihood 
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Table 4-1. Industries Associated with Sediment Contaminants. Data derived from Eckenfelder (1980), EPA (1987a), Merck (1989), 

WDNR/USGS (1992), EPA (1987b), NOAA (1991). Table developed by U.S. EPA Region 5, Water Division. 

t I 
Acenaphthene • • • Aldrin • • Ammonia • • • • • • • • • • • • • • 
Aniline • • • • • • • • Arsenic • • • • • • • • 
Benzo(a)anthracene • • • 
Benzo(a)pyrene • • • • 1111 le 1111 
Cadmium • • • • • • • Chlordane • Chlorpyrifos 

Chromium • • • • • • • • ••• 
Copper ••• • • • • • • •• 
Cyanide • • • DOE • 
DDT • • Dieldrin • • Endrin 

Ethyl Parathion • 
Fluoranthene ••• 
Heptachlor • HCB 

HCBD 

HCC PD 

Lead • • • • .... • • • •• 
Mercury • • • • • • • •• 2-Methvlnaohthalene • 
Nickel • • • • • • • 
Oil and Grease • • • • • •••• 
Oraanotinmn • 
PCBs • • • • • 
Phenanthrene • • • 
Phosphorus • • • • • • •• • • • • 
Pyrene • • ••• Selenium • • • • •• • • TCDD • • TCDF • • Toxaphene • • • 
Zinc • • • • • • • • • • • • •••• 

ED_013073_00000028-00056 



4-6 

that discharge of a dredged material may cause contaminant associated impacts, concern decreases with 

the increase of factors such as: 

• isolation of the dredging operation from known existing and historical sources of 

contamination 

• time since historical sources of contamination have been remediated 

• number and frequency of maintenance dredging operations since abatement of the source 

of contamination 

• 
• 

• 

mixing and dilution occurring between the contamination source and the dredging site 

transport and potential deposition of sediment in the dredging area from sources other 

than those potentially affected by contamination 

grain size of the dredged material. 

Concern regarding contaminant associated impacts increases with the increase of factors such as the 

number, amount, and toxicological importance of contaminants: 

• 
• 
• 
• 

known to have been introduced to the dredging site 

suspected to have been introduced to the dredging site 

included in continuing input from existing sources 

included in historical sources . 

These and other considerations are complexly interrelated; i.e., the acceptable degree of isolation from 

sources of contamination depends on the number, amount, and toxicological importance of the 

contaminants as well as on all other factors. These considerations have to be evaluated for all dredged 

material. Even so, it is desirable that local guidance be developed, based on technical evaluations, that 

describes the emphasis on factors deemed appropriate in each area. In all cases, the decisions that are 

based on these factors must be compatible with the Guidelines. 

4.2 Identification of Contaminants of Concern 

In the Tier I decision sequence (Figure 3-1 ), the first possibility is that more information is required to 

make a factual determination. A critical prerequisite to generating this information and one which is 

crucial to the success of the testing program is deciding, on a case-by-case basis, which contaminants 

are of concern, particularly for 401 certification, in the dredged material being evaluated. To determine 

the contaminants of concern, it may be necessary to supplement available information with additional 

chemical analyses of the dredged material. Contaminants of concern are not restricted to compounds 
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which inhibit organisms but also those which promote undesirable organisms or growth (e.g., nutrients 

such as phosphorous - Nakaniski et al., 1986). However note that in at least some cases nutrient releases 

may be minimal and of no environmental concern (e.g., Tavolaro and Mansky, 1985). 

4.2.1 Microbial Contamination 

As noted in Section 2.2, this manual only addresses microbiological concerns to the extent that they 

address State 401 certification requirements. To this end, major areas of concern and pertinent sources 

of information addressing these and other relevant microbiological issues are provided below. 

If sediments are suspected to have high levels of microbial contamination and dredging or disposal sites 

are close to shellfish beds, swimming beaches or drinking water intakes, then microbial sediment 

analyses may be required. Useful references include: EPA (1978); Gerba et al. (1979); Dutka et al. 

(1988) and Helmer et al. (1991). Appropriate state health and water quality agencies should be consulted 

for guidance and appropriate methods for measuring microbial contamination. 

There are three major areas of concern for microbiological contamination and effects related to dredged 

sediments: (1) contamination of harvestable shellfish (e.g., Hood et al., 1983; Bruckhardt et al., 1992; 

Martinez-Manzanares et al., 1992); (2) body contact, generally related to swimming beaches (e.g., 

Fleisher, 1991; Helmer et al., 1991); (3) contamination of drinking water (e.g., Geldreich, 1991; Helmer 

et al., 1991). As noted in the Guidelines (e.g., 230.21, Suspended Particulates, and elsewhere), the 

ultimate concern is that " ... pathogens and viruses ... may be biologically available". 

Sediments generally contain higher concentrations of indicators of fecal contamination and pathogens, 

such as Salmonella and viruses, than occur in the water column (e.g., Chen et al., 1979; Gerba et al., 

1979; LaBelle et al., 1980). Further, these microorganisms survive longer in the sediments than in the 

water column (e.g., DeFlora et al., 1975; Smith et al., 1978; Borrego et al., 1983; Rao et al., 1984). 

Sediments have been shown to be a source of microorganisms released to the water column (e.g., 

VanDonsel and Geldreich, 1971; Shiharis et al., 1987; Hardina and Fujioka, 1991). More specifically, 

dredging and disposal have been shown to release these microorganisms (e.g., Grimes, 1975; Babinchak 

et al., 1977). 
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4.2.2 Chemical Contamination 

Nationally, it is difficult to specify a single set of contaminants that adequately addresses all 

environmental concerns. However, regions may develop their own general contaminants of concern list 

for routine permitting purposes. In some dredged materials, there may be no contaminants of concern. 

Different disposal operations may have their own set of contaminants of environmental concern that 

should be adequately evaluated for each operation. 

Identifying specific contaminants that are of concern in a particular dredged material is dependent on the 

information collected for Tier I. In some instances, it may be sufficient to perform confirmatory analyses 

for specific contaminants of concern identified in Tier I. In other cases, where the initial evaluation 

indicates that a variety of contaminants of concern may be present, chemical analysis of the dredged 

material could provide a useful inventory, and bulk sediment chemistry analysis conducted according to 

the guidance in Section 9._3 may be appropriate and, in fact, would be necessary to conduct the Tier II 

water quality screen and the theoretical bioaccumulation potential determination. Contaminants always 

of interest, if present, are those for which there are FDA limits or state fish advisories and where WQS 

exceedances exist. Other contaminants that should be included are those that might reasonably be 

expected to cause an unacceptable adverse impact if the dredged material is discharged. 

The contaminants of concern in each dredged material should be identified on the basis of the following, 

keeping in mind the discussion in Sections 9.3, 9.4, and 9.5: 

• presence in the dredged material 

• presence in the dredged material relative to the concentration in the reference sediment 

• toxicological importance 

• persistence in the environment 

• propensity to bioaccumulate from sediments. 

The major chemical properties controlling the propensity to bioaccumulate are: 
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Hydrophobicity 

Literally, "fear of water"; the property of neutral (i.e., uncharged) organic 

molecules that causes them to associate with surfaces or organic solvents rather 

than to be in aqueous solution. The presence of a neutral surface such as an 

uncharged organic molecule causes water molecules to become structured around 

the intruding entity. This structuring is energetically unfavorable, and the neutral 

organic molecule tends to be partitioned to a less energetic phase if one is 

available. In an operational sense, hydrophobicity is the reverse of aqueous solu-
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bility. The octanol/water partition coefficient (K0 w, log K 0 w, or log P) is a 

measure of hydrophobicity. The tendency for organic chemicals to 

bioaccumulate is related to their hydrophobicity. Bioaccumulation factors 

increase with increasing hydrophobicity up to a log K 0 w of about 6.00. At 

hydrophobicities greater than about log K
0

w = 6.00, bioaccumulation factors tend 

not to increase due, most likely, to reduced bioavailability. 

Aqueous Solubility 

Chemicals such as acids, bases, and salts that speciate (dissociate) as charged 

entities tend to be water-soluble and those that do not speciate (neutral and 

nonpolar organic compounds) tend to be insoluble, or nearly so. Solubility favors 

rapid uptake of chemicals by organisms, but at the same time favors rapid 

elimination, with the result that soluble chemicals generally do not bioaccumulate 

to a great extent. The soluble free ions of certain heavy metals are exceptional 

in that they bind with tissues and thus are actively bioaccumulated by organisms. 

Stability 

For chemicals to bioaccumulate, they must be stable, conservative, and resistant 

to degradation (although some contaminants degrade to other contaminants 

which do bioaccumulate). Organic compounds with structures that protect them 

from the catalytic action of enzymes or from nonenzymatic hydrolysis tend to 

bioaccumulate. Phosphate ester pesticides do not bioaccumulate because they are 

easily hydrolyzed. Unsubstituted polynuclear aromatic hydrocarbons (PAH) can 

be broken down by oxidative metabolism and subsequent conjugation with polar 

molecules. The presence of electron-withdrawing substituents tends to stabilize 

an organic molecule. Chlorines, for example, are bulky, highly electronegative 

atoms that tend to protect the nucleus of an organic molecule against chemical 

attack. Chlorinated organic compounds tend to bioaccumulate to high levels 

because they are easily taken up by organisms, and, once in the body, they 

cannot be readily broken down and eliminated. 

Stereochemistry 

The spatial configuration (i.e., stereochemistry) of a neutral molecule affects its 

tendency to bioaccumulate. Molecules that are planar tend to be more lipid

soluble (lipophilic) than do globular molecules of similar molecular weight. For 

neutral organic molecules, planarity can correlate with higher bioaccumulation 

unless the molecule is easily metabolized by an organism. 
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4.3 Tier I Conclusions 

After consideration of all available information, one of the following conclusions is reached (Figure 3-1): 

• Existing information does not provide a sufficient basis for making factual 

determinations. In this case, further evaluation in higher tiers is appropriate. 

• Existing information provides a sufficient basis for making factual determinations. In this 

case, one of the following decisions is reached (Figure 3-1): 

• The material meets the exclusion criteria. 

• The material does not meet the exclusion criteria but information concerning the 

potential impact of the material is sufficient to make factual determinations. 
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5.0 TJER II EVALUATION 

Tier II provides useful information through screening tools, but not all possible determinations can be 

reached at this tier. It consists of evaluation of State water quality standard (WQS) compliance using a 

numerical mixing model of the disposal site conditions (Figure 3-2 and Appendix C) and an evaluation 

of the potential for benthic impact using calculations of theoretical bioaccumulation potential (TBP) 

(Figure 3-3 and Section 10.2). 

Tier II is ultimately expected to provide a reliable, rapid screen to determine potential dredged material 

contaminant effects. The dredged material discharge must meet applicable WQS for all contaminants of 

concern outside the mixing zone. Water column impact must also be evaluated by toxicity testing in Tier 

III (Figure 3-2) when there are contaminants of concern for which applicable WQS are not available or 

where interactive effects are of concern. 

When national sediment quality criteria (SQC) are proposed and finalized they are expected to provide 

a basis for State sediment quality standards (SQS). State SQS will be incorporated into Tier II benthic 

impact evaluations. The incorporation of these standards into Tier II will be implemented in this testing 

manual and regional manuals as appropriate. 

At present, only the bioaccumulation impact of nonpolar organic compounds in dredged material on 

benthic organisms can be evaluated in Tier II (Figure 3-3). The approved procedure calculates the TBP 

for a test organism by factoring the concentration of the nonpolar organic chemical(s), the total organic 

carbon in the sediment, and the percent lipid concentration in the organism. This calculation predicts the 

magnitude of bioaccumulation likely to be associated with nonpolar organic contaminants in the dredged 

material. Additional guidance for identifying potential bioaccumulating contaminants is provided by EPA 

(1994a). 

5.1 Water Column Impact 

Program experience (primarily in marine, near coastal and estuarine waters) has shown that in most cases 

the existing data are sufficient to make water column determinations. However, Tier I evaluation may 

show that the existing information is insufficient to make a determination. If a WQS determination cannot 

be made in Tier I, Tier II evaluation is necessary to determine whether the discharge complies with 

230.lO(b)(l) (Figure 3-2). The discharge of dredged material cannot cause the WQS to be exceeded 

outside the mixing zone unless the State provides a variance to the standard. 
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There are two approaches for the Tier II water column evaluation for WQS compliance. One approach is 

to use the numerical models provided in Appendix C as a screen, assuming that all of the contaminants 

in the dredged material are released into the water column during the disposal process. The other approach 

applies the same model with results from chemical analysis of the elutriate test. 

5.1.1 Screen Relative To WQS 

The assumption that all of the contaminants in the dredged material are completely released into the water 

column during the discharge operation is conservative because, in virtually all cases, most of the 

contaminants remain within the dredged material. If the numerical model (Appendix C) predicts that the 

concentrations of all contaminants of concern after consideration of mixing are less than the available, 

applicable WQS, the dredged material complies with WQS. If the screen/model, as applied indicates that 

the WQS is exceeded, the elutriate analysis approach (Section 5.1.2) should be employed. 

5.1.2 Elutriate Analysis Relative To WQS 

For an elutriate analysis, the numerical mixing model (Appendix C) is run with chemical data obtained 

from an elutriate test conducted on the dredged material. The standard elutriate analysis is described in 

Section 10.1.2.1 and the analytical procedures for measuring constituents in the water are provided in 

Section 9.4.2. The model is, in effect, using data that more accurately represent the contaminant 

concentrations that will be present in the water column after consideration of mixing. If the numerical 

model (Appendix C) predicts that the concentration of all contaminants of concern at the edge of the 

mixing zone is less than the available, applicable WQS, the dredged material complies with WQS. 

Otherwise, it does not. 

5.2 Benthic Impact 

The currently available Tier II procedure for evaluating potential benthic impact consists of evaluating the 

TBP, calculated according to the guidance in Section 10.2. A comparison is made between the TBP 

calculated for the nonpolar organic contaminants of concern in dredged material and for the same 

constituents in the reference sediment. At present, this calculation can be performed for nonpolar organic 

compounds, but not for polar organic compounds, organometals, or metals. If such constituents are 

contaminants of concern in a dredged material requiring bioaccumulation evaluation, further evaluation 

has to take place in Tier III. 

ED_013073_00000028-00064 



5-3 

Even if the dredged material contains other contaminants of concern than nonpolar organic contaminants, 

it is still useful to calculate the TBP. The TBP provides an indication of the magnitude of bioaccumulation 

of nonpolar organics that may be encountered in actual testing (Tiers III and/or IV). Additionally, the 

calculation may eliminate the need for further evaluation of nonpolar organics and thereby reduce efforts 

in higher tiers. 

5.3 Tier II Conclusions 

One of two possible conclusions is reached regarding the potential water column impact of the proposed 

dredged material: 

• The available WQS requirements are met. Further information on water column toxicity 

must be evaluated in Tier III when there are contaminants of concern for which applicable 

WQS are not available or where interactive effects are of concern. 

• Concentrations of one or more of the dissolved contaminants of concern, after allowance 

for mixing, exceed available WQS beyond the boundaries of the mixing zone. In this case, 

the proposed discharge of dredged material does not comply with WQS. 

For nonpolar organics, one of the following conclusions is reached based on comparison between the TBP 

for the dredged material and for the same contaminants in the reference sediment: 

• The TBP for the nonpolar organic contaminants of concern in the dredged material does 

not exceed the TBP for the reference sediment and, therefore, the dredged material is 

predicted not to result in benthic bioaccumulation of the measured non-polar organic 

compounds. However, further evaluation of biological effects in Tier III is necessary to 

furnish information to make determinations under the Guidelines. 

• The TBP for the nonpolar organic contaminants of concern in the dredged material 

exceeds the TBP for the reference sediment. In this case, the information is not sufficient 

to predict whether the dredged material will result in benthic bioaccumulation of the 

measured non-polar organic compounds, and further evaluation of bioaccumulation in Tier 

III is necessary to furnish information to make determinations under the Guidelines. 
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6.0 TIER III EVALUATION 

Tier III testing assesses the impact of contaminants in the dredged material on appropriately sensitive and 

benchmark organisms to determine if there is the potential for an unacceptable (toxicity or 

bioaccumulation) impact at the disposal site. Lists of candidate test species (Sections 11 and 12: Tables 

11-1 through 12-1) include consideration of: ( 1) appropriate sensitivity such that testing should not occur 

with insensitive organisms; (2) allowing appropriate Regional flexibility based on the list provided in this 

manual or the approved regional implementation manual; (3) providing some benchmark species for 

comparing (where appropriate) the sensitivity of regional species not widely used for such testing. 

The Tier III assessment methods are bioassays (toxicity and bioaccumulation tests) (Figures 3-1 through 

3-3). Generic guidance provided in this manual may have to be modified for specific species. Where 

possible and appropriate, organisms representative of the water column and benthic biota and conditions 

at the disposal site or the appropriate reference area should be used. Also, exposure routes must be 

appropriate (e.g., benthic test species must be truly benthic, that is, living on or in the sediment). 

Presently, Tier III toxicity tests primarily use lethality as the endpoint. Chronic/sublethal tests for 

sediments are under development; none are considered to be currently suitable for wide-spread national 

use and hence are not included in this manual although regional use is allowed (cf. Section 11.2.3). New, 

appropriate benthic and water column tests, including sediment chronic/sublethal tests, will be included 

in future revisions of this manual as appropriate. 

The recommended procedures for water-column toxicity tests (Figure 3-2) use appropriate sensitive water 

column organisms (Section 11.1.1, Table 11-1). The assay for benthic impact (Figure 3-3) uses deposited 

sediment and appropriately sensitive benthic organisms (Section 11.2.1, Table 11-2). 

Bioaccumulation also has to be considered to fully evaluate potential benthic impact (Figure 3-3). The 

results of bioaccumulation tests are used to predict the potential for uptake of dredged-material 

contaminants by organisms (Kay, 1984). 

Tier III information is usually sufficient for making factual determinations. Only in unusual cases is further 

information on toxicity or bioaccumulation (or both) necessary to make determinations under the 

Guidelines. 
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6.1 Water Column Toxicity Tests 

Tier III (Figure 3-2) considers the effects on water column organisms, after allowance for mixing, of 

dissolved contaminants plus those associated with suspended particulates. The toxicity and mixing data 

results are generated as described in Section 11.1. 

After considering the tests and considering mixing, one of the following conclusions is reached: 

6.2 

• If the 100% dredged material elutriate toxicity is not statistically higher than the dilution 

water (see Section 8.0, Table 8-1), the dredged material is not predicted to be acutely toxic 

to water column organisms. 

• The concentration of dissolved plus suspended contaminants, after allowance for mixing, 

does not exceed 0.01 of the toxic (LC50 or EC50) concentration beyond the boundaries of 

the mixing zone. Therefore the dredged material is predicted not to be acutely toxic to 

water column organisms. However, benthic impact has to be considered. If the information 

warrants, it is acceptable to determine water column effects at Tier III and benthic effects 

at another tier. 

• The concentration of dissolved plus suspended contaminants, after allowance for mixing, 

exceeds 0.01 of the toxic (LC50 or EC50) concentration beyond the boundaries of the mix

ing zone. Therefore, the dredged material is predicted to be acutely toxic to water column 

organisms. 

Benthic Toxicity Tests 

Evaluation of benthic (i.e., sediment) toxicity tests in Tier III (Figure 3-3) is based on data generated 

according to the guidance in Section 11.2. Dredged material is predicted to be acutely toxic to benthic 

organisms when mean test organism mortality: 

• is statistically greater than in the reference sediment, and 

• exceeds mortality (or other appropriate end point) in the reference sediment by at least 

10% (the 10% value should be used unless a different value has been developed for 

specific test species and end-points for regulatory use, and is technically defensible; e.g., 
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a 20% value for lethality can be used for the amphipods Ampelisca abdita, Rhepoxynius 

abronius and Eohaustorius estuarius (Swartz et al., 1985; Mearns et al., 1986; SAIC, 

1992a,b)). 

However, even if there is a certain level of toxicity (e.g., marginal mortalities for a single non-benchmark 

species), the preponderance of evidence could suggest that the sediment is not acutely toxic to benthic 

organisms. Acute toxicity testing of contaminants in the dredged material in Tier III will result in one of 

the following possible conclusions: 

6.3 

• Mortality (or other appropriate endpoint) in the dredged material is not statistically greater 

than in the reference sediment, or does not exceed mortality (or other appropriate 

endpoint) in the reference sediment by at least 10%. Therefore, the dredged material is 

predicted not to be acutely toxic to benthic organisms. However, bioaccumulation of 

contaminants also has to be considered. If the information warrants, it is acceptable to 

determine benthic toxicity at Tier III and bioaccumulation at another tier. 

• Mortality (or other appropriate endpoint) in the dredged material is statistically greater 

than in the reference sediment and exceeds mortality (or other appropriate endpoint) in the 

reference sediment by at least 10%. In this case, the dredged material is predicted to be 

acutely toxic to benthic organisms. 

Benthic Bioaccumulation 

Body burdens of chemicals are of concern for both ecological and human health reasons. The Tier III 

benthic bioaccumulation tests (Section 12.1) are conducted for a subset of the contaminant of concern list 

based on the contaminant bioaccumulation properties discussed in Sections 4.2 and 10.2. These tests 

provide for the determination of bioavailability through 28-day exposure tests. For purposes of comparison 

with an action or tolerance level such as from Food and Drug Administration (FDA) as described below 

(or when conducting a Tier IV risk assessment), the duration of a bioaccumulation test should be sufficient 

for organisms to reach steady-state tissue residues for all compounds. However, the time to reach or 

approach steady-state varies among different compounds and, to a lesser extent, among species. Test 

designs that assure that steady-state has been attained require a large number of samples and substantial 

expense. As a cost-effective compromise, it is recommended that a 28 day exposure be used for the 

"standard" bedded sediment bioaccumulation test for neutral organics and metals. 
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Where it is desirable to know the steady-state concentration of neutral organic compounds as, for example, 

comparison to an FDA action level, fish advisory, or similar numerical values, the following procedure 

is recommended. The log Kow of the neutral organic compound of concern should be determined from 

Section 9.5.1 (Table 9-5). This should be compared with the log Kow in Figure 6-1 and will indicate the 

proportion of steady-state concentration (Css) expected in 28 days. This will allow estimation of the 

steady-state value from the 28-day laboratory exposure data through the use of a steady-state correction 

factor. The correction factor is the reciprocal of the decimal fraction indicating the proportion of Css 

expected in 28 days. 

Bioaccumulation of most compounds, if it occurs, will be detectable after the 28-day exposure period, even 

though steady state may not have been reached. Thus, Tier III bioaccumulation tests provide useful 

information about the potential for bioaccumulation (i.e., bioavailability), even when steady-state tissue 

residues are not determined, e.g. when comparing to a reference sediment. 

Concentrations of contaminants of concern in tissues of benthic organisms following dredged material 

exposure are compared to applicable Food and Drug Administration (FDA) Action or Tolerance Levels 

for Poisonous or Deleterious Substances in Fish and Shellfish for Human Food, when such levels (i.e., 

limits) have been set for the contaminants. The FDA levels (Table 6-1) are based on human-health as well 

as economic considerations (21 CFR 109 and 509), but do not indicate the potential for environmental 

impact on the contaminated organisms or the potential for biomagnification. Because contamination of 

food in excess of FDA levels is considered a threat to human health, EPA and USACE consider 

concentrations in excess of such levels in any test species to be predictive of benthic bioaccumulation of 

contaminants. This guidance applies even though the test species may not be a typical human food item 

partly because certain contaminants can be transferred through aquatic food webs, but mainly because 

uptake to FDA levels in relatively short term tests with one species may indicate the potential for 

accumulation in other species. 

Based on tissue comparisons with FDA levels, one of the following conclusions is reached: 

• Tissue concentrations of one or more contaminants are not statistically less than the FDA 

levels. Therefore, the dredged material is predicted to result in benthic bioaccumulation 

of contaminants. 

• Tissue concentrations of all contaminants either are statistically less than FDA levels or 

there are no FDA levels for the contaminants. In this case, the information is insufficient 

to reach a conclusion with respect to benthic bioaccumulation of contaminants. The 
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Figure 6-1. 

log Kow 

Expected proportion of steady-state concentration (Css) of neutral organic compounds 

reached in 28-day laboratory exposures. The proportion is a function of the log Kow of 

the compound of interest. Consult Section 9.5.1 (Table 9-5) for appropriate log Kow 

values. Figure adapted from McFarland (1994). 
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Table 6-1. Food and Drug Administration (FDA) Action Levels for Poisonous and Deleterious 

Substances in Fish and Shellfish for Human Food.a 

Substance Action Levelb 

Metals 

Methyl Mercury 1.0 ppm 

Pesticides 

Chlordane 0.3 ppm 

Chlordecone (Kepone) 0.3 ppm 

DDT+ DDE 5.0 ppm 

Dieldrin + Aldrin 0.3 ppm 

Heptachlor + Heptachlor Epoxide 0.3 ppm 

Mirex 0.1 ppm 

Industrial Chemicals 

a 

b 

PCBsc (2.0 ppm) 

Action levels are established, revised, and revoked through notices published in the Federal 
Register. It is the responsibility of the users of the list to keep up to date on any amendments 
to this list. For further information on current action levels, users may contact the Food and Drug 
Administration, Center for Food Safety and Applied Nutrition, Industry Programs Branch [HFF-
326, 200 C Street, S.W., Washington, DC 10204; (202) 205-5251]. 

Action levels are reported in wet weight. 

There is no FDA action level for PCBs as a tolerance level has now been established (21 CFR 
part 109.30), which is equal to the previous action level. 
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dredged material needs to be further evaluated in Tier III as described below for 

bioaccumulation potential to furnish information to make determinations under the Guidelines. 

Tissue contaminant concentrations following exposure to dredged material which are statistically less 

than FDA levels, or for which there are no such levels, are compared to tissue contaminant concentra

tions for organisms similarly exposed to reference sediment. One of the following conclusions is 

reached based on this comparison: 

• Tissue concentrations of contaminants of concern in organisms exposed to dredged material do 

not statistically exceed those of organisms exposed to the reference sediment; therefore, the 

dredged material is predicted not to result in benthic bioaccumulation of contaminants. 

However, benthic toxicity effects also have to be considered. 

• Tissue concentrations of contaminants of concern in organisms exposed to dredged material 

statistically exceed those of organisms exposed to the reference material. In this case, the final 

conclusion regarding benthic bioaccumulation of contaminants would be based upon technical 

evaluations that emphasize the various factors deemed appropriate in a particular region (see 

last paragraph in this section). Additional testing (Tier IV) may be required. 

One other possibility exists: tissue concentrations are above FDA limits but are not statistically 

different from the reference (or disposal) site. This situation represents an exceptional case which can 

only be dealt with at the regional level. 

The above comparisons to FDA values address human health concerns, and follow from EPA/USACE 

(1991). Other approaches which should be considered in addition to the use of FDA values include 

comparisons to state fish advisories, cancer and non-cancer risk models, existing ambient fish 

concentration data. State fish advisories exist for the following chemicals for which EPA risk-based 

screening values are being developed: (carcinogens) chlordane, DDT, dieldrin, hexachlorobenzene, 

lindane, toxaphene, PAH, PCBs, 2,3,7,8-TCDD; (noncarcinogens) endosulfan, mirex, cadmium, 

mercury, selenium, endrin. Methods to calculate carcinogenic and non-carcinogenic health risks are 

summarized in EPA (1989a). "Computerized Risk and Bioaccumulation System", an expert system for 

PC computers, is available to predict tissue residues in sediment-dwelling shellfish and the associated 

excess cancer risk (Lee et al., 1990). Note that this program does not calculate risks associated with 

mobile invertebrates or fishes, and that it should be used only to supplement data derived from other 

methods. 
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Reference comparisons are made for the protection of aquatic life as well as human health because 

bioaccumulation is both undesirable and an indicator of bioavailability (Figure 3-3). It is recognized 

that residue effects information does not exist to fully interpret bioaccumulation data; the approach 

followed in this manual is the best presently available. 

When the bioaccumulation of contaminants in dredged-material tests statistically exceeds that in 

reference-material tests, five factors should be assessed. Where available, regional guidance should be 

consulted regarding the relative importance of these factors: 

• What is the toxicological importance of the contaminants (e.g., Do they biomagnify? Do they 

have effects at low concentrations?) whose bioaccumulation from the dredged material 

statistically exceeds that from the reference material? 

• By what magnitude does bioaccumulation from the dredged material exceed bioaccumulation 

from the reference material? 

• What is the propensity for the contaminants with statistically significant bioaccumulation to 

biomagnify within aquatic food webs (Kay, 1984)? Contaminants which biomagnify appear to 

be few in number but widespread, and include DDT, PCB, methylmercury and, possibly, 

dioxins and furans. 

• What is the magnitude by which contaminants whose bioaccumulation from the dredged 

material exceeds that from the reference material also exceeds the concentrations found in 

comparable species living in the vicinity of the proposed disposal site? 

• For how many contaminants is bioaccumulation from the dredged material statistically greater 

than bioaccumulation from the reference material? 

6.4 Tier III Conclusions 

The above five factors and perhaps other factors are complexly interrelated; i.e., the importance of 

each factor depends on its interaction with all other factors. These factors have to be considered in 

case-specific determinations (if needed) for dredged material assessed for bioaccumulation in the final 

step of Tier III. After considering these factors, one of the following Tier III conclusions is reached: 
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• Discharge of the dredged material is predicted not to result in above-reference toxicity or 

benthic bioaccumulation of contaminants. 

• Discharge of the dredged material is predicted to result in above-reference toxicity or 

bioaccumulation of contaminants. 

• Further information is needed to make factual determinations, specifically in Tier IV. 

ED_013073_00000028-00075 



WATER COLUMN 

MEASURE AND 
MODEL DISSOLVED 

CONTAMINANTS; 
COMPARE TO WQS 

EVALUATE EXISTING 
INFORMATION; (POSSIBLE 

LIMITED TESTING 
FOR EXCLUSIONS) 

BENTHOS 

CALCULATE THEORETICAL 
BIOACCUMULATION 

POTENTIAL; COMPARE 
TO REFERENCE 

MEASURE TOXICITY; 
MODEL SUSPENDED 
PHASE; DETERMINE 

MEASURE TOXICITY; 
MEASURE 

BIOACCUMULATION; 
COMPARE TO FDA LIMITS 

AND TO REFERENCE TOXICITY AFTER MIXING 

ED_013073_00000028-00076 

TIERI 
(GENERALLY REPRESENTS 
EXISTING INFORMATION) 

TIER II 
(SOLELY CONCERNED 

WITH CHEMISTRY) 

TIER Ill 
(GENERIC BIOASSAY 

[TOXICITY AND 
BIOACCUMULATIONJ 

TESTS) 



7-1 

7.0 TIER IV EVALUATION 

Tier IV involves case-specific, state-of-the-art testing for toxicity and/or bioaccumulation and is to be used 

on a case-by-case basis only when lower tiered testing is judged to be insufficient to make complete 

factual determinations. Insufficient information for a determination may include: inability to reach a clear 

conclusion based on existing data; statistical differences are inconclusive; evidence is conflicting. 

Experience to date suggests that Tier IV should only be used in a very few cases. When methods are 

suitable for wide-spread national use, sediment chronic/sublethal testing will be part of Tier III. Until such 

time as sediment chronic/sublethal tests are approved for national use in Tier III, they should only be used 

in Tier IV. However, regional testing manuals may apply appropriate sediment chronic/sublethal tests in 

Tier III in advance of their inclusion in this national manual provided this is done with a benchmark 

species (Section 11.2.1) or in addition to the testing presently required in Tier III. 

Tier IV tests may be conducted for water column evaluations (Figure 3-2) or benthic evaluations (Figure 

3-3). In both cases, tests should be carefully selected to address the specific issues relevant to the case in 

question. Tier IV can further consider human and ecological health concerns, including risk assessment. 

Case-specific evaluative criteria for Tier IV tests must be: 

• agreed upon by EPA and USACE and, where appropriate, the State 

• adequate to make factual determinations . 

7.1 Toxicity Tests 

Tier IV toxicity tests (Figure 3-2) should measure end-points of clear ecological importance, for example 

survival, growth and reproduction. Differences from Tier III tests may include: 

• longer duration of exposure 

• different species 

• different end-points 

• exposure in the disposal site environs. 

Toxicity determinations in this tier can involve laboratory or field testing or field assessments of resident 

benthic communities. Field assessments can be difficult to interpret but can yield valuable information on 

responses of resident organisms to in-place contaminants at the dredging site as compared to a disposal 

site or site environs as appropriate. 
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Toxicity identification evaluation procedures (e.g., Ankley et al., 1992a) can also be used in this tier. Such 

procedures can be applied to sediments when ammonia or hydrogen sulfide could be responsible for 

toxicity. 

7.2 Benthic Bioaccumulation 

Tier IV bioaccumulation tests (Figure 3-3) differ from Tier III tests in that steady-state tissue 

concentrations of contaminants of concern are always determined. Such determinations can be made by: 

longer laboratory exposures than used in Tier III, collecting tissue samples from the field (Section 12.2.2), 

or in situ exposures using transplanted organisms. 

Tissue concentrations determined in Tier IV are subject to the same comparisons as in Tier III, specifically 

to FDA action limits, and to comparisons with organisms exposed to reference sediment. Conclusions 

possible from such comparisons and evaluative factors which should be assessed are detailed in Section 

6.3 and can include risk assessments and no effects levels for aquatic life, rather than solely the first two 

comparisons. 

Prediction of the movement of contaminants from sediment into and through pelagic food webs is 

technically challenging and should only be dealt with if a Tier IV evaluation is necessary. One approach 

is bioenergetic-based toxicokinetic modeling. These models have been successfully applied to marine 

(Connolly and Tonelli, 1985) and freshwater (Norstrom et al., 1976) fishes, theoretical food chains 

(Thomann, 1989), and more recently to sediment organisms (Boese et al., 1990). These models are very 

data intensive to apply on a chemical and site-specific basis. It is possible to use values determined 

through QSAR (EPA, 1994a), though the default values may substantially overestimate tissue residues in 

metabolizable compounds, such as PAH. Another general approach is to bracket likely concentrations of 

specific contaminants at different trophic levels based on an empirical model derived from a variety of 

marine food webs (Young, 1988). 
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8.0 SAMPLING 

When testing is necessary, samples of dredged material, reference sediment, control sediment, organisms, 

and water will be needed for physical evaluations, chemical analysis, and for bioassay tests. This section 

provides general guidance for the development of a sampling plan including collection, handling and 

storage. 

Sampling is the foundation upon which all testing rests but there are so many case-specific factors that 

influence sampling needs that detailed guidance of National scope is impractical. Some regions of the 

country have developed specific technical requirements and agency review/approvals of sampling and 

analysis plans. Regional guidance from local EPA and USACE offices should be sought for developing 

project-specific sampling plans as for information gathered at Tier I. The type of samples that may be 

required to complete the evaluations of Tiers II, III, and IV are outlined in Table 8-1. This manual 

provides general guidance on items of major importance to consider when designing a sampling plan. 

Additional guidance is provided by EPA ( 1995). 

8.1 Preparation For Sampling 

A well-designed sampling plan is essential when evaluating the potential impact of dredged material 

discharge upon the aquatic environment. Before any sampling is initiated, the sampling plan has to be 

tailored to meet clearly defined objectives for individual dredging operations. Factors such as the 

availability and content of historical data, the degree of sediment heterogeneity, the dredging depth, the 

number and geographical distribution of sample-collection sites, the procedures for collection, preservation, 

storage, and tracking of samples, and the necessity for adequate quality assurance and quality control 

(Appendix G; EPA, 1995) must be carefully considered. The magnitude of the dredging operation and its 

time and budgetary constraints should also be considered. 

It is recommended that a written plan for sediment sampling and analyses be prepared and provided to 

the appropriate Federal and State agencies for coordination prior to sampling, where practicable. The Tier 

I evaluation would be a logical attachment to the sampling and analysis plan for agency review and 

comment. This coordination can reduce the chance of having to repeat costly procedures and can assist 

in keeping projects on schedule. An adequate amount of sediment and water should be collected to 

conduct planned evaluations and allow for any contingencies. Maximum allowable and recommended 

sample and organism holding times as well as the exigencies of resampling should be given careful 

consideration. 
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Table 8-1. Type of Samples Which May Be Required Following Tier I to Conduct Dredged-Material Evaluation Tests. Actual sampling 
requirements are project-specific and are determined during the development of the project plan. Sampling from the disposal site 
may also be conducted as necessary and appropriate, to verify the applicability of exclusion 230.60 (C) (see Sections 4.0 and 9.1.) 

Tests Water Samples Sediment Samples Biota Samples 

Tier II 
Water column 

Screen 
Elutriate 

Tier II 
Benthic 

Tier III 
Water column 

Tier III 
Benthic 

Tier IV 
Water column 

Tier IV 
Benthic 

Disposal 
Site 

• c 

• c 

• b 

• 

Dredging Control" 
Site 

• 

• • 

• • 

•May or may not have to be field-collected. 

Dredging Reference Control" 
Site Site 

• • 
• • 
• 
• • • 
• 
• • • 

Dredging 
Site 

• 
• 

bDilution water for water column toxicity tests. Artificial or clean seawater or clean freshwater may also be used. 

cDisposal site water is required for WQS comparison. Elutriate samples are prepared with dredging site water. 
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The importance of sampling is underscored by the fact that any evaluation is only as complete and reliable 

as the sampling (and sample handling and storage) upon which it is based. Thus, inadequacies or biases 

in sampling will limit the accuracy and/or the usefulness of the study results. 

The primary objective of sediment and water collection is to obtain samples to adequately and accurately 

characterize the dredging and reference area. Sample size should be large enough to attain the appropriate 

detection limits but small enough to be conveniently handled and transported within the requirements for 

all planned analyses. The quality of the information obtained through the testing process is impacted by 

the following four factors: 

• collecting representative samples 

• collecting an appropriate number of samples 

• using appropriate sampling techniques 

• protecting or preserving the samples until they are tested. 

Ideally, the importance of each of these three factors will be fully understood and appropriately 

implemented. In practice, however, this is not always the case. There may be occasions when study needs, 

time, costs or other resource constraints will limit the amount of information that should or can be 

gathered. When this is the case, the relative importance of each of these factors has to be carefully 

considered in light of the specific study purposes. 

An important component of any field sampling program is a preproject meeting with all concerned 

personnel. Personnel involved may include management, field personnel, laboratory personnel, data 

management/analysis personnel, and representatives of regulatory agencies, the permit applicant, and the 

dredging company. To assure sampling quality, at least one individual familiar with the study area should 

be included in the preproject meeting. The purposes of the meeting include: 

• defining the objectives of the sampling program 

• ensuring communication among participating groups 

• ensuring agreement on methods, QA/QC details and contingency plans. 

The more explicitly the objectives of a testing program can be stated, the easier it will be to design an 

appropriate sampling plan. A complete sampling plan will result in a level of detail such that all sampling 

procedures and locations are clearly defined, sample volumes are clearly established, all logistical concerns 

are fully addressed, and target analytes are identified to class of compound. 
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8.2 Components Of A Sampling Plan 

The following steps will help to ensure that all essential sampling plan information is provided: 

• Review the plan for the proposed dredging operation, including the dimensions of the 

dredging area, the dredging depth(s), side-slopes, the volume of sediment for disposal, and 

the type of dredge equipment (e.g., clamshell, hydraulic) for determining composite 

sampling or delineating representative project segments. 

• Evaluate the prior history and the existing database for the area, in particular, information 

gathered in Tier I. Identify relevant data and the need for additional data. Identify areas 

of potential environmental concern within the confines of the dredging operation. 

• If appropriate, subdivide the dredging area into project segments on the basis of an 

assessment of level of environmental concern within the dredging area. This may be an 

iterative process that starts before sampling, using available information, and that is refined 

after sampling, based on new data. 

• Determine the number of samples to be collected and select sampling locations. Choose 

methods and equipment for positioning vessels at established stations. 

• Determine what sampling methods will be used. 

• Define procedures for sample handling, preservation, storage, and (if applicable) field or 

shipboard analysis. 

• Identify logistical considerations and safety precautions. 

The subsections that follow discuss each of these steps and provide general guidance for their conduct. 

An essential step, preparation of a quality assurance/quality control (QA/QC) project plan, is discussed 

in detail in Appendix G and EPA (1995) and must be integral to the project. The QA/QC plan is essential 

to ensure that there will be sufficient and appropriate data of known and documented quality to make 

decisions with confidence and to defend those decisions. Properly prepared, a QA/QC plan expedites 

project coordination. 

8.2.1 Review of Dredging Plan 

A review of the plan for the dredging operation provides a basis for determining the sampling strategy. 

The volume of material to be dredged and the method of dredging are two important factors which will 

help to determine the number of samples required. The number of samples required is generally a 

judgement which considers the cost, resolution, and the risk of an incorrect decision regarding the volume 

of material to be dredged. Knowledge of the depth and physical characteristics of the material to be 
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dredged will help to determine the kind of sampling equipment that is required. The boundaries of the 

dredging area have to be known to ensure that the number and location of samples are appropriate. 

Sampling should generally be to the project depth (including overdredging) unless the sediments are 

known to be vertically homogeneous. 

8.2.2 Historical Data 

All information relevant to the dredging site should be reviewed. Using pertinent available information 

to determine project segments and station locations within the dredging area is both cost and technically 

effective. If a review of historical data identifies possible sources of contamination, skewing the sampling 

effort toward these areas may be justified for thorough characterization of these areas, but can lead to an 

incomplete assessment of contamination in the whole area. In areas of unequally distributed contamination, 

the total sampling effort should be increased to ensure representative, but not necessarily equal, sampling 

of the entire site. Sediment sampling techniques are detailed in Mudroch and MacKnight (1991). The 

information gathered for the Tier I evaluation (discussed in Section 4.1) should be reviewed for assistance 

in designing the sampling plan, in particular the following: 

• Geotechnical and hydrodynamic data 

The grain size, specific gravity, water or solids content, total organic carbon (TOC) and 

identification of sediment horizons are helpful in making operational decisions. Areas of 

high currents and high wave energy tend to have larger grain-sized sediments than do 

quieter areas. Many contaminants have a greater affinity for clay and silt than for sand. 

Horizontal and vertical gradients may exist within the sediment. Local groundwater quality 

and movement should be determined if groundwater is a potential source of contamination. 

• Quality and age of available data 

The value of the available data should be critically weighed. Existing high-quality data 

might lower costs by reducing the number of analytes measured or tests required for the 

proposed dredging operation. Existing data that do not meet all quality assurance/quality 

control (QA/QC) standards may still be useful if appropriate calibration and documentation 

are available; they are less useful if older methods with higher detection limits were used. 

Information from such studies might be helpful in identifying areas of contamination, but 

not in accurately assessing the degree of contamination. 
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• Known distribution of contaminants 

All evidence regarding contaminants within or near the dredging area, including spill data, 

may be an important consideration in identifying locations for sampling and/or determining 

sampling intensity. 

• Dredging history 

Knowledge of prior dredging may dramatically affect sampling plans. If the area is 

frequently dredged (every 1-2 years) or if the sediments are subject to frequent mixing by 

wave action, currents, or ship traffic, the sediments are likely to be relatively 

homogeneous. Assuming that there is no major contaminant input, the sampling effort may 

be minimal. However, if there is information regarding possible contamination or 

heterogeneity is possible, a more extensive sampling effort may be indicated. New 

excavations of material unaffected by anthropogenic input may require less intensive 

sampling than maintenance dredging. 

Subdivision of Dredging Area 

Sediment characteristics are likely to vary substantially within the limits of the area to be dredged as a 

result of geographical and hydrological features. Areas of low hydrodynamic energy will be characterized 

by fine sediments that have a greater tendency to accumulate contaminants than do coarser-grained 

sediments. (However note that contaminants, if present in coarse-grained sediments, may be more 

bioavailable than if present in fine-grained sediments). Sediments in and downstream of heavily urbanized 

or industrialized areas are more likely to accumulate contaminants than sediments farther removed from 

direct contaminant input. 

Many dredging operations can be subdivided into project segments (horizontal and/or vertical) which can 

be treated as separate management units. A project segment is an area expected to have relatively 

consistent characteristics that differ substantially from the characteristics of adjacent segments. Project 

segments may be sampled with various intensities and, if warranted by the study objectives and test 

results, the dredged material from various project segments can be managed differently during dredging 

and disposal to limit environmental impact. When the sampling plan is developed, project segments can 

be designated, based on factors including but not limited to: historical data, sediment characteristics, 

geographical configuration, anticipated method of dredging, depth of cut, sampling- or dredging

equipment limitations, results of pilot studies, and known or suspected contaminant concentrations. 

Surface sediments might be considered separately from subsurface sediments at the same location if 

vertical stratification of contamination is expected or encountered. Large dredging operations located 
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within industrialized areas might require subdivision into several project segments horizontally and into 

one or more segments vertically. A dredging operation characterized by relatively uniform distribution 

of sediment type in a nonindustrialized location might be considered as a single project segment. Vertical 

subdivisions usually are not appropriate in areas of rapid shoaling or in areas of high sediment mixing 

by ship scour, which are likely to be relatively homogenous vertically. Vertical subdivisions smaller than 

about 1 m are usually impractical because dredge operators generally cannot reliably control excavation 

with any finer precision; vertical subdivisions should reflect the actual removal precision to be employed 

during the dredging operation. If analytical data and test results for two or more project segments prove 

to be similar, these segments may be treated as one larger segment when considering disposal options. 

If the analytical and test results demonstrate important differences between project segments, alternative 

disposal options may be necessary for portions of the total sediment volume. 

Any established sampling program should be sufficiently flexible to allow changes based on field 

observations; however, any deviations from the sampling plan must be documented, along with the 

rationale for such deviations. Certain characteristics of the sediments, such as color or texture, can be 

an indication of patchiness. The greater the patchiness, the larger the number of sampies that will be 

required to adequately characterize the area. The project manager can refine a sampling program based 

on historical data and/or a preliminary sampling survey of the dredging area. 

8.2.4 Selection of Sampling Locations and Number of Samples 

Generally a single sampling strategy will be adequate for most circumstances. However, in some cases, 

two sampling strategies may be required. For instance, when sampling involves both uncontaminated and 

highly contaminated sediments with interfaces between the two, a single sampling strategy may not be 

sufficient to adequately characterize these sediments, which will probably be treated differently. 

The method of dredging, the volume of sediment to be removed, the areal extent of the dredging project, 

and the horizontal and vertical heterogeneity of the sediment are key to determining station locations and 

the number of samples to be coll~cted for the total dredging operation and for each project segment. 

When appropriate to testing objectives, samples may be composited prior to analysis (with attention to 

the discussion later in this section). The appropriate number of samples and the proper use of com

positing should be determined for each operation on a case-by-case basis. Note that the following detailed 

discussion is not appropriate to all dredging operations. Sampling a number of small, isolated shoals is 

very different than sampling a large, contiguous open area. 
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Factors to Consider: 

The following factors, many of which follow from information gathered in Tier I, should be among those 

considered in sampling station and pattern selection: 

• objectives of the testing program 

• bathymetry 

• area of the dredging project 

• accessibility 

• flows (currents, tides) 

• mixing (hydrology) 

• sediment heterogeneity 

• contaminant source locations 

• land use activities 

• available resources 

• other physical characteristics . 

Station Locations: 

Station locations within the dredging area should include locations downstream from major point sources 

and in quiescent areas, such as turning basins, side channels, and inside channel bends, where fine

grained sediments are most likely to settle. Characteristics which help to define the representativeness 

of station(s) within a segment include: 

• 
• 
• 
• 
• 

The distribution of sediments to be dredged is clearly defined . 

The project segment being sampled is clearly defined . 

The sampling locations are distributed appropriately within each project segment. 

Multiple samples should be collected if sample variability is suspected . 

When sediment variability is unknown, it may be necessary to conduct a preliminary 

survey of the dredging area to better define the final sampling program. 

Sample Replication: 

Within a station, samples may be collected for replicate testing. For this manual, laboratory replicates 

are generally recommended as opposed to field replicates, depending on site-specific issues. The former 

(subsamples of a composite sample of the replicates) involves pseudo-replication compared to separate 

samples for each replicate, but is more appropriate for dredged material evaluations where sediments will 

ED_013073_00000028-00087 



8-9 

be homogenized by the dredging and discharge process. The latter involves true replication but is more 

appropriate for field investigations of the extent and degree (or not) of homogeneity of sediment toxicity. 

Depth Considerations: 

Sediment composition can vary vertically as well as horizontally. Samples should be collected over the 

entire dredging depth (including over-dredging), unless the sediments are known to be vertically homoge

neous or there are adequate data to demonstrate that contamination does not extend throughout the depth 

to be excavated. Separate analyses of defined sediment horizons may be useful to determine the vertical 

distribution of contamination if warranted by the study objectives. A major consideration of vertical 

compositing is the anticipated depth of dredging. For example, even though sediments in a 1 m shoal 

may vary in composition, the material would be mixed as a result of the dredging process. 

Sampling Bias: 

Ideally, the composition of an area and the composition of the samples obtained from that area will be 

the same. However, in practice, there often are differences due to bias in the sampling program, including 

disproportionate intensity of sampling in different parts of the dredging area and equipment limitations. 

In some cases, to minimize bias, it may be useful to develop a sampling grid for each project segment. 

The horizontal dimensions of each project segment may be subdivided into grid cells of equal size, which 

are numbered sequentially. Cells are then selected for sampling either randomly or in an stratified random 

manner. It can be important to collect more than the minimum number of samples required, especially 

in areas suspected of having high or highly variable contamination. In some cases, although additional 

costs and logistic considerations will apply, extra samples may be archived (for long time periods in the 

case of physical characterization or chemical analyses and for short time periods in the case of biological 

tests), should reexamination of particular project segment(s) be warranted. 

In other cases, a sampling grid may not be desirable. This is particularly the case where dredging sites 

are not continuous open areas, but are rather a series of separate humps, bumps, reaches and pockets with 

varying depths and surface areas. In these latter cases, sample distribution is commonly biased with 

intent. 

Level of Effort: 

In some cases, it may be advisable to consider varying the level of sampling effort. Project segments 

suspected or known to be contaminated may be targeted for an increased level of effort so that the 
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boundaries and characteristics of the contamination can be identified. A weighting approach can be 

applied whereby project segments are ranked in increasing order of concern, and level of concern can 

then be used as a factor when determining the number of samples within each project segment relative 

to other project segments. 

Number of Samples: 

In general, the number of samples that should be collected within each project segment is inversely 

proportional to the amount of known information, and is proportional to the level of confidence that is 

desired in the results and the suspected level of contamination. No specific guidance can be provided, 

but the following factors should be considered: 

• the greater the number of samples collected, the better the areal and/or vertical definition 

• single measurements are inadequate to describe variability 

• the means of several measurements at each station within a project segment generally are 

less variable than individual measurements at each station. 

Time and Funding Constraints: 

In all cases, the ultimate objective is to obtain sufficient information to evaluate the environmental 

impact of a dredged material disposal operation. The realities of time and funding constraints have to 

be recognized, although such do not justify inadequate environmental evaluation. Possible responses to 

cost constraints have been discussed by Higgins (1988). If the original sampling design does not seem 

to fit time or funding constraints, several options are available, all of which increase the risk of an 

incorrect determination: 

• Reduce the number of project segments into which the project is divided, but maintain 

the same total number of samples. 

• Maintain (or even increase) the number of stations sampled, and composite multiple 

samples from within a project segment so that a lower number of analyses are performed 

per project segment. 
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Project Segments: 

Regardless of the final decision on project segments and the number of sample stations and replicates 

per project segment, expected or known degree of contamination will be the dominant factor in initially 

describing the proposed project segments. If variation in potential dredged material impact within a 

project segment is likely, where possible it may be advisable either to use a stratified random-sampling 

approach or to redefine project-segment boundaries. Once sampling data are available, it is advisable to 

reconsider the boundaries of the project segments to be used in the actual dredging in order to maximize 

homogeneity within segments. 

Sample Compositing: 

The objective of obtaining an accurate representation and definition of the dredging area and method has 

to be satisfied when compositing samples. Compositing provides a way to control cost while still 

analyzing sediments from a large number of stations. Compositing results in a less detailed description 

of variability within the area sampled than would individual analysis at each station. However if, for 

example, five analyses can be performed to characterize a project segment, the increased coverage 

afforded by collecting 15 individual samples and combining sets of three into five composite samples 

for analysis may justify the increased time and cost of collecting the extra 10 samples. Compositing can 

also provide the large sample volumes required for some biological tests. Composite samples represent 

the "average" of the characteristics of the individual samples making up the composite and are generally 

appropriate for logistic and other reasons; however, composite samples which serve to "dilute" a highly 

toxic but localized sediment "hot spot" are not recommended. Further, composite samples are not 

recommended for stations with very different sediment grain size characteristics. 

Sample Definition: 

When a sediment sample is collected, a decision has to be made as to whether the entire sediment 

volume is to be considered as the sample or whether the sediment volume represents separate samples. 

For instance, based on observed stratification, the top l m of a core might be considered to be a separate 

sample from the remainder of the core. After the sediment to be considered as a sample is identified, it 

should be thoroughly homogenized. Samples may be split before compositing, with a portion of the 

original sediment archived for possible later analysis, and the remainder combined with parts of other 

samples. These are then thoroughly homogenized (using clean instruments until color and textural 

homogeneity are achieved), producing the composite sample. 

ED_013073_00000028-00090 



8-12 

8.2.S Sample Collection Methods 

Sample collection requires an adequately trained crew, an adequate vessel equipped with navigational 

and supporting equipment appropriate to the site and the study, and noncontaminating sampling apparatus 

capable of obtaining representative samples. Divers may also be used in some cases to collect some 

samples; in such cases divers must be certified and approved diver safety management plans must be in 

place. To assure sampling quality, at least one individual familiar with the study area should be present 

during the sampling activities. Sampling effort for a proposed dredging operation is primarily oriented 

toward collection of sediment samples for physical and chemical characterization and for biological tests. 

Collection of water samples is also required to evaluate potential water column impact. Collection of 

organisms near the disposal site might be necessary if there is a need to characterize indigenous 

populations or to assess concentrations of contaminants in tissues. Organisms for use in toxicity and 

bioaccumulation tests may also be field-collected. 

In general, a hierarchy for sample collection should be established to prevent contamination from the 

previous sample, especially when using the same sampling apparatus to collect samples for different 

analyses. Where possible, the known, or expected, least contaminated stations should be sampled first. 

At a station where water and sediment are to be collected, water samples should be collected prior to 

sediment samples. The vessel should ideally be positioned downwind or downcurrent of the sampling 

device. When raising or lowering sampling devices, care should be taken to avoid visible surface slicks 

and the vessel's exhaust. The deck and sample handling area should be kept clean to help reduce the 

possibility of contamination. 

8.2.5.1 Sediment Sample Collection 

Mudroch and MacKnight (1991) provide useful reference information. Higgins and Lee (1987) provide 

a perspective on sediment collection and analysis as commonly practiced in USACE Districts. ASTM 

(l 994a) and Burton (1991) provide guidelines for collecting sediments for toxicological testing. Guidance 

provided in these publications may be followed on all points that do not conflict with this manual. 

Care should be taken to avoid contamination of sediment samples during collection and handling. A 

detailed procedure for handling sampling equipment and sample containers should be clearly stated in 

the sampling plan associated with a specific project. This may be accomplished by using standard 

operating procedures (SOPs ). For example, samples designated for trace metal analysis should not come 

into contact with metal surfaces (except stainless steel, unless specifically prohibited for a project), and 

samples designated for organic analysis should not come into contact with plastic surfaces. Samples for 
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biological tests may be stored in clean polypropylene containers. Subsamples for particular groups of 

analytes may be removed from areas of the sample not in physical contact with the collecting instrument. 

A coring device with appropriate liners is recommended whenever sampling to depth is required. The 

choice of corer design depends upon factors including the objectives of the sampling program, sediment 

volumes required for testing, sediment type, water depth, sediment depth, and currents or tides. A gravity 

corer may be limited to cores of 1-2 min depth, depending upon sediment grain size, degree of sediment 

compactness, and velocity of the drop. For penetration greater than 2 m, a vibratory corer or a piston 

corer is generally preferable. These types of coring devices are generally limited to soft, unconsolidated 

sediments. A split-spoon core may be used for more compacted sediment. The length of core that can 

be collected is usually limited to 10 core diameters in sand substrate and 20 core diameters in clay 

substrate. Longer cores can be obtained, but substantial sample disturbance results from internal friction 

between the sample and the core liner. 

Freefall cores can cause compaction of the vertical structure of sediment samples. Therefore, if the 

vertical stratification in a core sample is of interest, a piston or vibra corer should be used. Piston corers 

use both gravity and hydrostatic pressure. As the cutting edge penetrates the sediments, an internal piston 

remains at the level of the sediment/water interface, preventing sediment compression and overcoming 

internal friction. A vibra corer is a more complex piece of equipment but is capable of obtaining 3- to 

7-m cores in a wide range of sediment types by vibrating a large diameter core barrel through the 

sediment column with little compaction. If the samples will not be sectioned prior to analysis, 

compaction is not a problem, and noncontaminating freefall corers are a suitable alternative. 

Corers are the samplers of preference in most cases because of the variation in contamination with depth 

that can occur in sediment deposits. Substantial variation with depth is less likely in shallow channel 

areas without major direct contaminant inputs, that have frequent ship traffic, and from which sediments 

are dredged at short intervals. Generally, in these situations, accumulating sediments are resuspended and 

mixed semicontinuously by ship scour and turbulence, effectively preventing stratification. In such cases, 

surface grab samples can be representative of the mixed sediment column, and corers should be necessary 

only if excavation of infrequently disturbed sediments below the mixed layer is planned. 

Grab samplers are also appropriate for collecting surficial samples of reference or control sediments. A 

grab can be Teflon-coated to prevent potential contamination of trace metal samples. The sampling 

device should at least be rinsed with clean water between samples and possibly also solvent-rinsed. 
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8.2.5.2 Water Sample Collection 

If water samples are necessary, representative samples should be collected with either a noncontaminating 

pump or a discrete water sampler. When sampling with a pump, the potential for contamination can be 

minimized by using a peristaltic or a magnetically coupled impeller-design pump. The system should be 

flushed with the equivalent of 10 times the volume of the collection tubing. Also, any components within 

several meters of the sample intake should be noncontaminating (i.e., sheathed in polypropylene or 

epoxy-coated). Potential sample contamination must be avoided, including vessel emissions and other 

sampling apparatus. 

A discrete water sampler should be of the close/open/close type so that only the target water sample 

comes into contact with internal sampler surf aces. Seals should be Teflon-coated whenever possible. 

Water sampling devices should be acid-rinsed (l: 1 nitric acid) prior to use for collection of trace-metal 

samples, and solvent-rinsed prior to collection of samples for organic analyses. 

8.2.5.3 Organism Collection 

Benthic organism collection methods may be species specific and can include, but are not restricted to, 

bottom trawling, grabs or cores. If organisms are to be maintained alive, they should be transferred 

immediately to containers with clean, well-oxygenated water, and sediment as appropriate. Care must be 

taken to prevent organisms from coming into contact with potentially contaminated areas or fuels, oils, 

natural rubber, trace metals, or other contaminants. 

8.2.6 Sample Handling, Preservation, and Storage 

Detailed procedures for sample handling, preservation, and storage should be part of the standard 

operating procedures and protocols developed for each sampling operation. Samples are subject to 

chemical, biological, and physical changes as soon as they are collected. Sample handling, preservation, 

and storage techniques have to be designed to minimize any changes in composition of the sample by 

retarding chemical and/or biological activity and by avoiding contamination. Collection methods, volume 

requirements, container specifications, preservation techniques, storage conditions and holding times 

(from the time of sample collection) for sediment, water, and tissue samples are discussed below and 

summarized in Table 8-2. 

8.2.6.1 Sample Handling 

Sufficient sample volume must be collected to: 
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Table 8-2. Summary of Recommended Procedures for Sample Collection, Preservation, and Storage. a 

Analyses Collection Amount Containerd Preservation Storage Holding timese 
Methodb Requiredc Technique Conditions 

SEDIMENT 

Chemical/Physical Analyses 

Metals Grab/corer 100 g Precleaned Dry icef or s 4°C Hg - 28 days 
polyethylene jarr freezer storage Others - 6 

for extended monthsg 
storages; 
otherwise 
refrigerate 

Organic compounds Grab/corer 250 g Solvent-rinsed Dry icef or s 4 °Cf/darkg 14 daysh 
(e.g., PCBs, pesticides, glass jar with freezer storage 
polycyclic aromatic Teflon lidr for extended 
hydrocarbons) storages; 

otherwise 
refrigerate 

Particle size Grab/corer 100 g Whirl-pac bagf Refrigerate < 4°C Undetermined 

Total Organic Carbon Grab/corer 50 g Heat treated Dry icef or s 4°Cf 14 days 
(TOC) glass vial with freezer storage 

Teflon-lined lidf for extended 
storages; 
otherwise 
refrigerate 

Total solids/ Grab/corer 50 g Whirl-pac bag Refrigerate < 4°C Undetermined 
specific gravity 

Miscellaneous Grab/corer ~ 50g Whirl-pac bag Refrigerate < 4°C Undetermined 
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Analyses Collection Amount Containerd Preservation Storage Holding timese 
Methodb Requiredc Technique Conditions 

SEDIMENT (continued) 

Sediment from which Grab/corer Depends Glass with Completely fill 4 °C/dark/airtight 14 days 
elutriate is prepared on tests Teflon-lined lid and refrigerate 

being 
performed 

Biological Tests 

Dredged material Grab/corer 12-15 L Plastic bag or Completely fill 4 °C/dark/airtight 14 daysj 
per containe~ and refrigerate; 
sample sieve 

Reference sediment Grab/corer 45-50 L Plastic bag or Completely fill 4 °C/dark/airtight 14 daysj 
per test containeri and refrigerate; 

sieve 

Control Sediment Grab/corer 21-25 L Plastic bag or Completely fill 4 °C/dark/airtight 14 daysj 
per test containeri and refrigerate; 

sieve 

WATER AND ELUTRIATE 

Chemical/Physical Analyses 

Particulate analysis Discrete sampler 500 - Plastic or glass Lugols solution 4°C Undetermined 
or pump 2000 mL and refrigerate 

Metals Discrete sampler 1 L Acid-rinsed pH <2 with 4°C 2ock Hg - 14 days 
or pump polyethylene or HNO/; Others - 6 

glass j~ refrigerate months1 

Total Kjeldahl nitrogen Discrete sampler 100 - 200 Plastic or glass' H2S04 to pH <2; 4oc1 24 h1 

(TKN) or pump mL refrigerate 

Chemical oxygen Discrete sampler 200 mL Plastic or glass' H2S04 to pH <2; 4oc1 7 days1 

demand (COD) or pump refrigerate 
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Analyses Collection Amount Containerd Preservation Storage Holding timese 
Methodb Requiredc Technique Conditions 

WATER AND ELUTRIATE (continued) 

Total organic carbon Discrete sampler 100 mL Plastic or glass1 H2S04 to pH <2; 4oc1 <48 h1 

(TOC) or pump refrigerate 

Total inorganic carbon Discrete sampler 100 mL Plastic or glass1 Airtight seal; 4oc1 6 months1 

(TIC) or pump refrigerateh 

Phenolic compounds Discrete sampler l L Glass1 0.1 - 1.0 g 4oc1 24 h1 

or pump CuS04; H2S04 to 
pH <2; 
refrigerate 

Soluble reactive Discrete sampler - Plastic or glass1 Filter; refrigerateh 4oc1 24 h1 

phosphates or pump 

Extractable organic Discrete sampler 4L Amber glass pH < 2, 6N HCl; 4ock 7 days for 
compounds (e.g., or pump bottlek airtight seal; extraction; 40 
semi volatiles) refrigerate days for extract 

analysisk 

Volatile organic Discrete sampler 80 mL Glass vialk pH< 2 with 1:1 4ock 14 days for 
compounds or pump HCL; refrigerate sample analysis 

in airtight, if preservedm 
completely filled 
containe~ 

Total phosphorus Discrete sampler - Plastic or glassi H2S04 to pH< 2; 4oc1 7 days1 

or pump refrigerate 

Total solids Discrete sampler 200 mL Plastic or glass1 Refrigerate 4oc1 7 days1 

or pump 
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Analyses Collection Amount Containerd Preservation Storage Holding timese 
Methodb Requiredc Technique Conditions 

WATER AND ELUTRIATE (continued) 

Volatile solids Discrete sampler 200 mL Plastic or glass' Refrigerate 4oc1 7 days1 

or pump 

Sulfides Discrete sampler - Plastic or glass' pH> 9 NaOH 4oc1 24 h1 

or pump (ZnAc); 
refrigerate 

Biological Tests 

Site water Grab Depends Plastic carboy Refrigerate < 4°C 14 days 
on tests 
being 
performed 

Dilution water Grab or makeup Depends Plastic carboy Refrigerate <4°C 14 days 
on tests 
being 
performed 

TISSUE 

Metals Trawlffeflon- 5-10 g Double Ziplocf Handle with :::; -20°Cf or Hg - 28 days 
coated grab nonmetallic freezer storage Others - 6 

forceps; plastic monthsn 
gloves; dry icer 

PCBs and chlorinated Trawlffeflon- 10-25 g Hexane-rinsed Handle with :::; -20°Cr or 14 daysh 
pesticides coated grab double hexane-rinsed freezer storage 

aluminum foil stainless steel 
and double forceps; dry icef 
Ziplocr 

Volatile organic Trawlffeflon- 10-25 g Heat-cleaned Covered ice :::; -20°Ch or 14 daysn 
compounds coated grab aluminum foil chestg freezer storage 

and watertight 
plastic bagm 
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a 

b 

c 

d 

e 

f 

g 

h 

k 

Analyses Collection Amount Containerd Preservation Storage Holding timese 
Methodb Requiredc Technique Conditions 

TISSUE (continued) 

Semivolatile organic Trawltreflon- 10-25 g Hexane-rinsed Handle with ~ -20°Cr or 14 daysh 
compounds (e.g, PAH) coated grab double hexane-rinsed freezer storage 

Lipids 

aluminum foil stainless steel 
and double forceps; dry icef 
Ziplocf 

Trawltreflon- part of Hexane-rinsed Handle with ~ -20°C or 14 daysh 
coated grab organic aluminum foil hexane-rinsed freezer storage 

analyses stainless steel 
forceps; quick 
freeze 

This table contains only a summary of collection, preservation, and storage procedures for samples. The cited references should be 
consulted for a more detailed description of these procedures. 
Collection method should include appropriate liners. 
Amount of sample required by the laboratory to perform the analysis (wet weight or volume provided, as appropriate). Miscellaneous 
sample size for sediment should be increased if auxiliary analytes that cannot be included as part of the organic or metal analyses are 
added to the list. The amounts shown are not intended as firm values; more or less tissue may be required depending on the analytes, 
matrices, detection limits and particular analytical laboratory. 
All containers should be certified as clean according to EPA (1990a). 
These holding times are for sediment, water, and tissue based on guidance that is sometimes administrative rather than technical in nature. 
There are no promulgated, scientifically based holding time criteria for sediments, tissues or elutriates. References should be consulted 
if holding times for sample extracts are desired. Holding times are from the time of sample collection. 
NOAA (1989) 
Tetra Tech (l 986a) 
Sample may be held for up to one year if ~ -20°C. 
Polypropylene should be used if phthalate bioaccumulation is of concern. 
Two weeks is recommended; sediments must not be held for longer than 8 weeks prior to biological testing. 
EPA (l 987c); 40 CFR Part 136, Table III 
Plumb (1981) 

m If samples are not preserved to pH<2, then aromatic compounds must be analyzed within 7 days. 
Tetra Tech (l 986b) n 
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• perform the necessary analyses 

• partition the samples, either in the field or as soon as possible after sampling, for 

respective storage and/or analytical requirements (e.g., freezing for trace metal analysis, 

refrigeration for bioassays) 

• provide sample for replicate or QA analyses, if specified 

• archive portions of the sample for possible later analysis. 

Sample handling is project and analysis specific as well as being based on what is practical and possible. 

Generally, samples to be analyzed for trace metals should not come into contact with metals, and samples 

to be analyzed for organic compounds should not come into contact with plastics. AH sample containers 

should be appropriately cleaned (acid-rinsed for analysis of metals; solvent-rinsed for analysis of organic 

compounds). 

For analysis of volatile compounds, samples should completely fill the storage container, leaving no air

space. These samples should be refrigerated but never frozen or the containers will crack. Samples for 

other kinds of chemical analysis are sometimes frozen. If the sample is to be frozen, sufficient air space 

should be allowed for expansion to take place. Container labels have to withstand soaking, drying, and 

freezing without becoming detached or illegible. The labelling system should be tested prior to use in 

the field. 

Sediment samples for biological testing should have at least the larger living organisms removed from 

the sediment prior to testing. This may be accomplished by press-sieving the sediments through a 1-mm

mesh screen. Other matter retained on the screen with the organisms, such as shell fragments, gravel, and 

debris, should be recorded and discarded. Prior to use in bioassays, individual test sediments should be 

thoroughly homogenized with clean instruments (until color and textural homogeneity is achieved). 

8.2.6.2 Sample Preservation 

Preservation steps should be taken immediately upon sediment collection. There is no universal 

preservation or storage technique although storage in the dark at 4°C is generally used for all samples 

held for any length of time prior to partitioning, and for some samples after partitioning. A technique 

for one group of analyses may interfere with other analyses. This problem can be overcome by collecting 

sufficient sample volume to utilize specific preservation or storage techniques for specific analytes or 
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tests. Preservation, whether by refrigeration, freezing, or addition of chemicals, should be accomplished 

onboard the collecting vessel whenever possible. If final preservation techniques cannot be implemented 

in the field, the sample should be temporarily preserved in a manner that retains its integrity. 

Onboard refrigeration is generally accomplished with coolers and ice; however, samples should be 

segregated from melting ice or cooling water. Samples which are to be frozen on board may be stored 

in an onboard freezer or may simply be placed in a cooler with dry ice or blue ice. Sediment samples 

for biological analysis should be preserved at 4°C, never frozen or dried. Additional guidance on sample 

preservation is given in Table 8-2. 

8.2.6.3 Sample Storage 

The elapsed time between sample collection and analysis should be as short as possible. Sample holding 

times for chemical evaluations are analysis-specific (Table 8-2). Sediments for bioassay (toxicity and/or 

bioaccumulation) testing should be tested as soon as possible, preferably within 2 weeks of collection. 

Studies to date suggest that sediment storage time should not exceed 8 weeks (at 4°C, in the dark, 

excluding air) (Becker and Ginn, 1990; Tatem et al., 1991). Toxicity may change with storage time. 

Sample storage conditions (e.g., temperature, location of samples) should be documented. 

8.2.7 Logistical Considerations and Safety Precautions 

A number of frustrations in sample collection and handling can be minimized by carefully thinking 

through the process and requirements before going to the field (e.g., see EPA, 1995). Contingency plans 

are essential. Well-trained, qualified, and experienced field crews should be used. Backup equipment and 

sampling gear, and appropriate repair parts, are advisable. A surplus of sampling containers and field data 

sheets should be available. Sufficient ice and adequate ice-chest capacity should be provided, and the 

necessity of replenishing ice before reaching the laboratory should be considered. A vessel with adequate 

deck space is safer and allows for more efficient work than an overcrowded vessel. Unforeseeable 

circumstances (e.g., weather delays) are to be expected during field sampling, and time to adequately 

accomodate the unforeseen has to be included in sampling schedules. 

Appropriate safety and health precautions must be observed during field sampling activities. EPA (1984) 

should be used as a guidance document to prepare a site-specific health and safety plan. The health and 

safety plan should be prepared as a separate document from the QA project plan. Requirements set forth 

in the Occupational Safety and Health Administration 29 CFR § 1910.120 (Federal Register, Vol. 54, 

No. 43) should be met for medical surveillance, personal protection, respirator fit testing (if applicable), 
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and hazardous waste operations training (if applicable) by all personnel working in contaminated areas 

or working with contaminated media. 

The procedures and practices established in the site-specific health and safety plan must be observed by 

all individuals participating in the field activities. Safety requirements should also be met by all observers 

present during field audits and inspections. The plan should include the following information: 

• site location and history 

• scope of work 

• site control 

• hazard assessment (chemical and physical hazards) 

• levels of protection and required safety equipment 

• field monitoring requirements 

• decontamination 

• training and medical monitoring requirements 

• emergency planning and emergency contacts. 

Samples must be properly disposed when no longer needed. Ordinary sample-disposal methods are 

usually acceptable, and special precautions are seldom appropriate. Under Federal law [40 CFR 261.5(a)], 

where highly contaminated wastes are involved, if the waste generated is less than 100 Kg per month, 

the generator is conditionally exempt as a small-quantity generator and may accumulate up to 1,000 Kg 

of waste on the property without being subject to the requirements of Federal hazardous waste 

regulations. However, State and local regulations may require special handling and disposal of 

contaminated samples. When samples have to be shipped, 49 CFR 100-177 should be consulted for 

current Department of Transportation regulations on packing and shipping. 

8.2.8 Non-Indigenous Test Species 

Over the last few years, there has been a growing awareness of the ecological and economic damage 

caused by introduced species. Because both east and west coast species are often used in bioaccumulation 
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tests, there is a real potential of introducing bioaccumulation test species or associated fauna and flora 

(e.g., pathogens, algae used in transporting the worms). It is the responsibility of the persons conducting 

the bioaccumulation or toxicity tests to assure that no non-indigenous species are released. 

The general procedures to contain non-indigenous species are to collect and then poison all water, 

sediment, organisms and associated packing materials (e.g., algae, sediment) before disposal. Chlorine 

bleach can be used as the poison. A double containment system is used to keep any spillage from going 

down the drain. Guidance on procedures used in toxicity tests can be found in Appendix B of DeWitt 

et al. (1992a). Flow-through tests can generate large quantities of water, and researchers should plan on 

having sufficient storage facilities. 
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9-1 

PHYSICAL ANALYSIS OF SEDIMENT AND CHEMICAL ANALYSIS OF 

SEDIMENT, WATER, AND TISSUE SAMPLES 

This section provides guidance on the selection of chemical and physical analyses to aid in the evaluation 

of dredged material for proposed disposal, and on the methods used to analyze these parameters. QNQC 

guidance is provided in Appendix G and EPA (1995). 

The methods cited in this section may be used to develop the required chemical information. However, 

other methods may provide similar results, and the final choice of analytical procedures depends upon the 

needs of each evaluation. In all cases, proven, state-of-the-art methods should be used. 

Any dredged material from estuarine or marine areas contains salt. The salt can interfere with the results 

obtained from some analytical methods. Any methods proposed for the analysis of sediment and water 

from estuarine or marine environments must explicitly address steps taken to control salt interference. 

9.1 Physical Analysis of Sediment 

Physical characteristics of the dredged material must be determined to help assess the impact of disposal 

on the benthic environment and the water column at the disposal site. This is the first step in the overall 

process of sediment characterization, and also helps to identify appropriate control and reference sediments 

for biological tests. In addition, physical analyses can be helpful in evaluating the results of analyses and 

tests conducted later in the characterization process. 

The general analyses may include (1) grain size, (2) total solids and (3) specific gravity. 

Grain-size analysis defines the frequency distribution of the size ranges of the particles that make up the 

project sediment (e.g., Plumb, 1981; Folk, 1980). The general size classes of gravel, sand, silt, and clay 

are the most useful in describing the size distribution of particles in dredged-material samples. Use of the 

Unified Soil Classification System (USCS) for physical characterization is recommended for the purpose 

of consistency with USACE engineering evaluations (ASTM, 1992). 

Total solids is a gravimetric determination of the organic and inorganic material remaining in a sample 

after it has been dried at a specified temperature. The total solids values generally are used to convert 

concentrations of contaminants from a wet weight to a dry weight basis. 
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The specific gravity of a sample is the ratio of the mass of a given volume of material to an equal volume 

of distilled water at the same temperature (Plumb, 1981). The specific gravity of a dredged-material 

sample helps to predict the behavior (i.e., dispersal and settling characteristics) of dredged material after 

disposal. 

Other physical/engineering properties (e.g., Atterburg limits, hydrometer analysis, settling properties, etc.) 

may be needed to evaluate the quality of any effluent discharged from confined disposal facilities. 

Guidance in this regard is provided in Appendix B. 

9.2 Target Detection Limits 

The selection of appropriate target detection limits (TDLs) is vital (e.g., TetraTech, 1986a; EPA, 1986a). 

TDLs should be lower than the appropriate values against which the data are to be compared for 

interpretation. Different analytical methods are capable of detecting different concentrations of a chemical 

in a sample. For example, a highly sensitive technique can detect a much lower chemical concentration 

than can a screening technique for the same chemical. The accuracy of measurements also differs among 

analytical techniques. In general, as the sensitivity and accuracy of a technique increases, so does the cost. 

Recommended TDLs that are judged to be feasible, cost effective, and to meet the requirements for 

dredged material evaluations are summarized in EPA (1995), along with example analytical methods that 

are capable of meeting those TDLs. However, any method that can achieve those TDLs is acceptable, 

provided that the appropriate documentation of the method performance is generated for the project. 

The TDL is a performance goal set between the lowest, technically feasible detection limit for routine 

analytical methods and available regulatory criteria or guidelines for evaluating dredged material. The 

TDL is, therefore, equal to or greater than the lowest amount of a chemical that can be reliably detected 

based on the variability of the blank response of routine analytical methods (see EPA [1995] for discussion 

of method blank response). However, the reliability of a chemical measurement generally increases as 

the concentration increases. Analytical costs may also be lower at higher detection limits. For these 

reasons, the TDLs in EPA (1995) have been set at not less than 10 times lower than available regional 

or international dredged material guidelines for potential biological effects associated with sediment 

chemical contamination. 

All data generated for dredged material evaluation should meet the TDLs in EPA (1995) unless prevented 

by sample-specific interferences. Any sample-specific interferences must be well documented by the 

laboratory. If significantly higher or lower TDLs are required to meet rigorously defined data quality 
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objectives (e.g., for human health risk assessments) for a specific project then, on a project-specific basis, 

modification to existing analytical procedures may be necessary. Such modifications must be documented 

in the QA project plan. An experienced analytical chemist should be consulted so the most appropriate 

method modifications can be assessed, the appropriate coordination with the analytical laboratory can be 

implemented, and the data quality objectives can be met. A more detailed discussion of method 

modifications is provided in EPA (1995). 

9.3 Chemical Analysis of Sediment 

9.3.1 Target Analytes 

Chemical analysis provides information about the chemicals present in the dredged material that, if 

biologically available, could cause toxicity and/or be bioaccumulated. This information is valuable for 

exposure assessment and for deciding which of the contaminants present in the dredged material to 

measure in tissue samples. 

If the historical review conducted in Tier I (Section 4.1) establishes a reason to believe that sediment 

contaminants may be present, but fails to produce sufficient information to develop a definitive list of 

potential contaminants, a list of target analytes has to be compiled. Target analytes should be selected 

from, but not necessarily limited to, the compounds in Table 9-1 and from the historical review 

information. The target list should include contaminants that historical information or commercial and/or 

agricultural applications suggest could be present at a specific dredging site - for example, tributyltin 

near shipyards, berthing areas, and marinas where these compounds have been applied. Analysis of 

polynuclear aromatic hydrocarbons (PAH) in dredged material should focus on those PAH compounds that 

are on the priority pollutant list (Clarke and Gibson, 1987). 

All PCB analyses should be made using congener-specific methods. The sum of the concentrations of 

specific congeners is an appropriate measure of total PCBs (NOAA, 1989). 

Sediments should be analyzed for total organic carbon (TOC). This is particularly important if there are 

hydrophobic organics on the contaminant of concern list developed in Tier I. The TOC content of 

sediment is a measure of the total amount of oxidizable organic material in a sample and also affects 

contaminant bioaccumulation by, and effects to, organisms (e.g., Di Toro et al., 1991; DeWitt et al., 

1992b). 
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Table 9-1. Potential Contaminants of Concern Listed According to Structural Compound Class. 

Structural Compound 
Class 

Phenols 

Substituted Phenols 

Organonitrogen 
Compounds 

Low Molecular Weight 
Polynuclear Aromatic 
Hydrocarbons (PAH) 

High Molecular Weight 
Polynuclear Aromatic 
Hydrocarbons (PAH) 

Chlorinated Aromatic 
Hydrocarbons 

Chlorinate Aliphatic 
Hydrocarbons 
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Contaminant 

phenol 
2,4-dimethylphenol 
2-methylphenol 
4-methylphenol 

2,4,6-trichlorophenol 
para-chloro-meta-cresol 
2-chlorophenol 
2,4-dichlorophenol 
2-nitrophenol 
4-nitrophenol 
2,4-dinitrophenol 
4,6-dinitro-o-cresol 
pentachlorophenol 

benzidine 
3,3'-dichlorobenzidine 
2,4-dinitrotoluene 
2,6-dinitrotoluene 
1,2-diphenylhydrazine 
nitrobenzene 
N-nitrosodimethylamine 
N-nitrosodiphenylamine 
N-nitrosodipropylamine 

acenaphthene 
naphthalene 
acenaphthylene 
anthracene 
phenanthrene 
fluorene 
1-methylnapthalene 
2-methylnapthalene 

fluoranthene 
benzo ( a)anthracene 
benzo(a)pyrene 
benzo(b)fluoranthene 
benzo(k)fluoranthene 
chrysene 
benzo(ghi)perylene 
dibenzo(a,h)anthracene 
ideno(1,2,3-cd)pyrene 
pyrene 

1,2,4-trichlorobenzene 
hexachlorobenzene 
2-chloronaphthalene 
1,2-dichlorobenzene 
1,3-dichlorobenzene 
1,4-dichlorobenzene 

hexachlorobutadiene 
hexachloroethane 

Structural Compound 
Class 

Halogenated Ethers 

Phthalates 

Polychlorinated 
Biphenyls (PCB) 
as Aroclorsa 

Miscellaneous 
Oxygenated 
Compounds 

Pesticides 

Contaminant 

hexachlorocyclopentadiene 

bis(2-chloroethyl)ether 
4-chlorophenyl ether 
4-bromophenyl ether 
bis(2-ch I oroiso propyl) 
ether 
bis(2-chlorethoxy)methane 

bis(2-ethylhexyl)phthalate 
butyl benzyl phthalate 
di-n-butyl phthalate 
di-n-octyl phthalate 
diethyl phthalate 
dimethyl phthalate 

PCB-1242 
PCB-1254 
PCB-1221 
PCB-1232 
PCB-1248 
PCB-1260 
PCB-1016 

TCDD (dioxin)b 
PCDF (furan) 
isophorone 

aldrin 
dieldrin 
chlordane 
chlorbenside 
dacthal 
DDT° 
endosulfand 
endrin 
endrin aldehyde 
heptachlor 
heptachlor epoxide 
a-hexachlorocyclohexane 
~-hexachlorocyclohexane 

o-hexachlorocyclohexane 
y-hexachlorocyclohexane 
toxaphene 
mirex 
methoxychlor 
parathion 
malathion 
guthion 
de me ton 



Table 9-1. (continued) 

Structural Compound 
Class 

Volatile Halogenated 
Alkanes 

Volatile Halogenated 
Alkenes 

Volatile Aromatic 
Hydrocarbons 

Chlorinated 
Benzenes 

Contaminant 

tetrachloromethane 
1,2-dichloroethane 
1, 1, 1-trichloroethane 
1 , 1-dichloroethane 
1, 1,2-trichloroethane 
1, 1,2,2-tetrachloroethane 
chloroethane 
chloroform 
1,2-dichloropropane 
dichloromethane 
chloromethane 
bromomethane 
bromoform 
dichlorobromoethane 
fluorotrichloromethane 
dichlorodifluoromethane 
chlorodibromomethane 

1, 1-dichlorethylene 
1,2-trans-dichlorethylene 
trans-1,3-dichloropropene 
cis-1,3-dichloropropene 
tetrachlorethene 
trichlorethene 
vinyl chloride 

benzene 
ethyl benzene 
toluene 

1,3-dichlorobenzene 
1,4-dichlorobenzene 
1,2-dichlorobenzene 
1,2,4-trichlorobenzene 
hexachlorobenzene 

9-5 

Structural Compound 
Class 

Volatile Unsaturated 
Carbonyl Compounds 

Volatile Ethers 

Metals 

Miscellaneous 

Contaminant 

acrolein 
acrylonitrile 

2-chlorethylvinylether 
bis(chloromethyl)ether 

aluminum 
antimony 
arsenic 
beryllium 
butyltins 
cadmium 
chromium (hexavalent) 
cobalt 
copper 
iron 
lead 
manganese 
mercury 
nickel 
selenium 
silver 
thallium 
tin 
zinc 

ammonia• 
asbestos 
benzoic acid 
cyanide 
guaiacols 
methylethyl ketone 
resin acids 

alt is recommended that PCB analyses use congener-specific methods. The sum of the concentrations of specific congeners is an 
appropriate measure of total PCBs (see Table 9-3). 
bAdditional dioxin and furan (e.g., TCDF) compounds are listed in Table 9-2. 
clncludes DDT, DDD, and DDE 
dlncludes oc-endosullan, p-endosulfan, and endosulfan sulfate. 
0 Ammonia may not be a contaminant of concern at certain open-water dredged material disposal sites (e.g., dispersive situations and 
situations with well-oxygenated overlying water). 
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Sediments in which metals are suspected to be contaminants of concern may also be analyzed for acid 

volatile sulfide (AVS) (Di Toro et al., 1990; EPA, 199la). Although acceptable guidance on the 

interpretation of A VS measurements is not yet available, and A VS measurements are not generally 

recommended at this time, such measurements can provide information on the bioavailability of metals 

in anoxic sediments. Presently, AVS studies represent an area of on-going research which may be formally 

included in the manual if and when decision criteria are determined. 

9.3.2 Selection of Analytical Techniques 

Once the list of target analytes for sediments has been established, analytical methods have to be 

determined. The methods will, to some degree, dictate the amount of sediment sample required for each 

analysis. General sample sizes are provided in Table 8-2, and include possible requirements for more than 

one analysis for each group of analytes. The amount of sample used in an analysis affects the detection 

limits attainable by a particular method. 

TOC analyses should be based on high-temperature combustion rather than on chemical oxidation. Some 

classes of organic compounds are not fully degraded by chemical/ultraviolet techniques. The volatile and 

nonvolatile organic components make up the TOC of a sample. Because inorganic carbon (e.g., carbonates 

and bicarbonates) can be a significant proportion of the total carbon in some sediment, the sample has to 

be treated with acid to remove the inorganic carbon prior to TOC analysis. The method of Plumb (1981) 

recommends HCl as the acid. An alternative choice might be sulfuric acid since it is nonvolatile, is used 

as the preservative, and does not add to the chloride burden of the sample. Whatever acid is used, it has 

to be demonstrated on sodium chloride blanks that there is no interference generated from the combined 

action of acid and salt in the sample. Acceptable methods for TOC analysis are available from EPA 

(1995). 

For many metals analyses in marine/estuarine areas, the concentration of salt may be much greater than 

the analyte of interest and can cause unacceptable interferences in certain analytical techniques. In such 

cases, the freshwater approach of acid digestion followed by inductively coupled plasma-atomic emission 

spectrometry (ICP) or graphite furnace atomic absorption spectroscopy (GFAAS) should be coupled with 

appropriate techniques for controlling this interference. The Hg method in EPA ( 1986a; Method 7 4 71) may 

be used for the analysis of Hg in sediment. Tributyltin may be analyzed by the method of Rice et al. 

(1987), and selenium and arsenic by the method of EPRI (1986). A total extraction of metal ions is neither 

necessary nor desirable for dredged material evaluations. The standard aqua regia extraction yields con

sistent and reproducible results. 
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The recommended method for analysis of semivolatile and volatile priority pollutants in sediment is 

described by Tetra Tech (l 986a). Analysis for organic compounds should always use capillary-column gas 

chromatography (GC): gas chromatography/mass spectrometry (GC/MS) techniques for semi-volatile and 

volatile priority pollutants, and dual column gas chromatography/electron-capture detection (GC/ECD) for 

pesticides and PCBs (NOAA, 1989). Alternatively, GC/MS using selected ion monitoring can be used for 

PCB and pesticide analysis. These analytically sound techniques yield accurate data on the concentrations 

of chemicals in the sediment matrix. The analytical techniques for semivolatile organic compounds 

generally involve solvent extraction from the sediment matrix and subsequent analysis, after cleanup, using 

GC or GC/MS. Extensive cleanup is necessitated by the likelihood of (1) biological macromolecules, (2) 

sulfur from sediments with low or no oxygen, and (3) oil and/or grease in the sediment. The analysis of 

volatile organic compounds incorporates purge-and-trap techniques with analysis by either GC or GC/MS. 

If dioxin (i.e., 2,3,7,8, - TCDD) analysis is being performed, the methods of Kuehl et al. (1987), Smith 

et al. (1984), EPA (1989b; Method 8290), or EPA (1990c; Method 1613) and summary in EPA (1995) 

should be consulted. EPA Method 1613 is the recommended procedure for measuring the tetra- through 

octa- chlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs). This method has been 

developed for analysis of water, soil, sediment, sludge, and tissue. Table 9-2 shows the 17 compounds 

determined by Method 1613. 

Techniques for analysis of chemical constituents have some inherent limitations for sediment samples. 

Interferences encountered as part of the sediment matrix, particularly in samples from heavily 

contaminated areas, may limit the ability of a method to detect or quantify some analytes. The most 

selective methods using GC/MS techniques are recommended for all nonchlorinated organic compounds 

because such analysis can often avoid problems due to matrix interferences. Gas chromatography/electron

capture detection (GC/ECD) methods are recommended as the primary analytical tool for all PCB and 

pesticide analyses because GC/ECD analysis will result in lower detection limits. The analysis and 

identification of PCBs by GC/ECD methods are based upon relative retention times and peak shapes. 

Matrix interferences may result in the reporting of false negatives, although congener-specific PCB 

analysis reduces this concern relative to use of the historical Aroclor® matching procedure. 

PCBs have traditionally been quantified with respect to Aroclor® mixtures. This procedure can result in 

errors in determining concentrations (Brown et al., 1984). For dredged material evaluations, the 

concentration of total PCBs should be determined by summing the concentrations of specific individual 

PCB congeners identified in the sample (see Table 9-3). The minimum number of PCB congeners that 

should be analyzed are listed in the first column of Table 9-3 (i.e., "summation" column) (NOAA, 1989). 

This summation is considered the most accurate representation of the PCB concentration in samples. 

Additional PCB congeners are also listed in Table 9-3. McFarland and Clarke (1989) recommend these 

PCB congeners for analysis based on environmental abundance, persistence, and biological importance. 
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Table 9-2. PCDD and PCDF Compounds Determined by Method 1613 

Native Compound1 2,3,7,8-TCDF 

2,3,7,8-TCDD 

1,2,3,7,8-PeCDF 

2,3,4,7,8-PeCDF 

1,2,3,7,8-PeCDD 

1,2,3,4,7,8-HxCDF 

1,2,3,6,7,8-HxCDF 

2,3,4,6,7,8-HxCDF 

1,2,3,4,7,8-HxCDD 

1,2,3,6,7,8-HxCDD 

1,2,3,7,8,9-HxCDD 

1,2,3,7,8,9-HxCDF 

1,2,3,4,6,7,8-HpCDF 

1,2,3,4,6,7,8-HpCDD 

1,2,3,4,7,8,9-HpCDF 

OCDD 

OCDF 

1 Polychlorinated dioxins and furans: 

TCDD = Tetrachlorodibenzo-p-dioxin 

TCDF = Tetrachlorodibenzofuran 

PeCDD = Pentachlorodibenzo-p-dioxin 

PeCDF = Pentachlorodibenzofuran 

HxCDD = Hexachlorodibenzo-p-dioxin 

HxCDF = Hexachlorodibenzofuran 

HpCDD = Heptachlorodibenzo-p-dioxin 

HpCDF = Heptachlorodibenzofuran 

OCDD = Octachlorodibenzo-p-dioxin 

OCDF = Octachlorodibenzofuran 
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Table 9-3. Polychlorinated Biphenyl (PCB) Congeners Recommended for Quantitation as Potential 

Contaminants of Concern. 

PCB Congenera Congener Numberb 

Highest Second 
Summation< Priorityd Prioritye 

2,4' di CB 8 
2,2',5 triCB 18 18 
2,4,4' triCB 28 
3,4,4' triCB 37 
2,2' ,3,5' tetraCB 44 44 
2,2' ,4,5' tetraCB 99 
2,2' ,5,5' tetraCB 52 52 
2,3' ,4,4' tetraCB 66 
2,3',4',5 tetraCB 70 
2,4,4' ,5 tetraCB 74 
3,3' ,4,4' tetraCB 77 77 
3,4,4',5 tetraCB 81 
2,2' ,3,4,5' pentaCB 87 
2,2' ,3,4' ,5 pentaCB 49 
2,2' ,4,5,5' pentaCB 101 101 
2,3,3',4,4' pentaCB 105 105 
2,3,4,4' ,5 pen ta CB ] 14 
2,3' ,4,4' ,5 pentaCB 118 118 
2,3',4,4',6 pentaCB 119 
2' ,3,4,4' ,5 pentaCB 123 
3,3' ,4,4' ,5 pentaCB 126f 126f 
2' ,3,3' ,4,4' hexaCB 128 128 
2,2' ,3,4,4' ,5' hexaCB 138 138 
2,2' ,3,5,5' ,6 hexaCB 151 
2,2' ,4,4' ,5,5' hexaCB 153 153 
2,3,3' ,4,4' ,5 hexaCB 156 
2,3,3',4,4',5 hexaCB 157 
2,3,3' ,4,4' ,6 hexaCB 158 
2,3' ,4,4' ,5,5' hexaCB 167 
2,3' ,4,4' ,5' ,6 hexaCB 168 
3,3' ,4,4' ,5,5' hexaCB 169f 169f 
2,2' ,3,3' ,4,4' ,5 heptaCB 170 170 
2,2' ,3,4,4' ,5,5' heptaCB 180 180 
2,2' ,3,4,4' ,5' ,6 heptaCB 183 
2,2' ,3,4,4' ,6,6' heptaCB 184 
2,2' ,3,4' ,5,5' ,6 heptaCB 187 187 
2,3,3' ,4,4' ,5,5' heptaCB 189 

(continued) 
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PCB Congenera 

2,2' ,3,3' ,4,4' ,5,6 octaCB 
2,2' ,3,3' ,4,5,5' ,6' octaCB 
2,2' ,3,3' ,4,4' ,5,5' ,6 nonaCB 
2,2' ,3,3' ,4,4' ,5,5' ,6,6' decaCB 

9-10 

Summationc 

Congener Numberb 

Highest 
Priorityd 

195 

206 
209 

Second 
Prioritye 

201 

"PCB congeners recommended for quantitation, from dichlorobiphenyl (diCB) through decachlorobiphenyl 
(decaCB). 

bCongeners are identified by their International Union of Pure and Applied Chemistry (IUPAC) number, 
as referenced in Ballschmiter and Zell (1980) and Mullin et al. (1984). 

cThese congeners are summed to determine total PCB concentration following the approach in 
NOAA (1989). 

ctPCB congeners having highest priority for potential environmental importance based on potential for 
toxicity, frequency of occurrence in environmental samples, and relative abundance in animal 
tissues (McFarland and Clarke, 1989). 

0PCB congeners having second priority for potential environmental importance based on potential for 
toxicity, frequency of occurrence in environmental samples, and relative abundance in animal 
tissues (McFarland and Clarke, 1989). 

fTo separate PCBs 126 and 169, it is necessary to initially utilize an enrichment step with an activated 
carbon column (Smith, 1981). 
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McFarland et al. (1986) note that the most toxic PCB congeners lie mainly within the tetra-, penta-, and 

hexa- chlorobiphenyl groups. Sample preparation for PCB congener analysis should follow the techniques 

described by Tetra Tech (1986a) or EPA (1986a), but with instrumental analysis and quantification using 

standard capillary GC columns on individual PCB isomers according to the methods reported by NOAA 

(1989) (see also Dunn et al., 1984; Schwartz et al., 1984; Mullin et al., 1984; Stalling et al., 1987). 

Although the methods mentioned above are adequate for detecting and quantifying concentrations of those 

PCB congeners comprising the majority of total PCBs in environmental samples, they are not appropriate 

for separating and quantifying PCB congeners which may coelute with other congeners and/or may be 

present at relatively small concentrations in the total PCB mixture. Included in this latter group of 

compounds, for example, are PCBs 126 and 169, two of the more toxic nonortho-substituted (coplanar) 

PCB congeners (Table 9-3). In order to separate these (and other toxic nonortho-substituted congeners), 

it is necessary to initially utilize an enrichment step with an activated carbon column (Smith, 1981). 

Various types of carbon columns have been used, ranging from simple gravity columns (e.g., in a Pasteur 

pipette) to more elaborate (and efficient) columns using high pressure liquid chromatography (HPLC) 

systems (see Schwartz et al., 1993). The preferred method of separation and quantitation of the enriched 

PCB mixture has been via high resolution GC-MS with isotope dilution (Kuehl et al., 1991; Ankley et al., 

1993; Schwartz et al., 1993). However, recent studies have shown that if the carbon enrichment is done 

via HPLC, the nonortho-substituted PCB congeners of concern also may be quantifiable via more widely 

available GC/ECD systems (Schwartz et al., 1993). 

The overall toxicity of nonortho-substituted PCBs at a site can be assessed based on a comparison with 

the toxicity of 2,3,7 ,8-tetrachloro-dibenzo-p-dioxin (TCDD). A similar procedure can be used for assessing 

the toxicity of a mixture of dioxins and furans. In this "toxicity equivalency factor" (TEF) approach, 

potency values of individual congeners (relative to TCDD) and their respective sediment concentrations 

are used to derive a "summed" 2,3,7,8-TCDD equivalent (TCDD-EQ) (EPA, 1989c; Table 9-4). Ankley 

et al. ( l 992b) provide an example of the use of this approach. 

TEFs have been derived for human health purposes. For aquatic organisms the relative toxicities of 

different PCB congeners and dioxins are likely to be quite different. For instance, wildlife or fish TEF 

for PCBs are not equivalent to those for humans (Walker et al., 1992). 

To ensure that contaminants not included in the list of target analytes are not overlooked in the chemical 

characterization of the dredged material, the analytical results should also be scrutinized by trained 

personnel. The presence of persistent major unknown analytes should be noted. Methods involving 

GC/MS techniques for organic compounds are recommended for the identification of any unknown 

analytes. 
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Table 9-4. Methodology for Toxicity Equivalency Factors 

Because toxicity information on some dioxin and furan species is scarce, a structure-activity relationship 

has been assumed. The toxicity of each congener is expressed as a fraction of the toxicity of 2,3,7 ,8 

TCDD. 

Compound TEF 

2,3,7 ,8 TCDD 1 

other TCDD 0 

2,3,7 ,8-PeCDDs 0.5 

other PeCDDs 0 

2,3,7,8-HxCDDs 0.1 

other HxCDDs 0 

2,3,7,8-HpCDDs 0.01 

other HpCDDs 0 

OCDD 0.001 

2,3,7,8-TCDF 0.1 

other TCDFs 0 

1,2,3,7,8-PeCDF 0.05 

2,3,4,7,8-PeCDF 0.5 

other PeCDFs 0 

2,3,7,8-HxCDFs 0.1 

other HxCDFs 0 

2,3,7,8-HpCDFs 0.01 

other HpCDFs 0 

OCDF 0.001 
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9.4 Chemical Analysis of Water 

9.4.1 Analytical Targets 

Analysis to determine the potential release of dissolved contaminants from the dredged material (standard 

elutriate) may be necessary to make a factual determination. Elutriate tests (Section 10.1.2. l) involve 

mixing dredged material with dredging site water and allowing the mixture to settle. The portion of the 

dredged material that is considered to have the potential to impact the water column is the supernatant 

remaining after undisturbed settling and centrifugation. Chemical analysis of the elutriate allows a direct 

comparison, after allowance for mixing, to applicable water quality standards (WQS). When collecting 

samples for elutriate testing, consideration should be given to adequate volumes of water and sediment 

required to prepare samples for analysis including replicates where appropriate. In some instances, when 

there is poor settling, the elutriate preparation has to be performed successively several times to 

accumulate enough water for testing. 

Historical water quality information from the dredging site (Tier I) should be evaluated along with data 

obtained from the chemical analysis of sediment samples to select target analytes. Chemical evaluation 

of the dredged material provides a known list of constituents which might affect the water column. All 

target analytes identified in the sediment should initially be considered potential targets for water analysis. 

Nonpriority-pollutant chemical components which are found in measurable concentrations in the sediments 

should be included as targets if review of the literature indicates that these analytes have the potential to 

bioaccumulate in animals [i.e., have a high K
0

w or bioconcentration factor (BCF)] and/or are of 

toxicological concern. 

9.4.2 Analytical Techniques 

In contrast to freshwater, there generally are no EPA approved methods for analysis of saline water 

although widely accepted methods have existed for some time (e.g., Strickland and Parsons, 1972; 

Grasshoff et al., 1983; Parsons et al., 1984). Application of the freshwater methods to saltwater will 

frequently result in higher detection limits than are common for freshwater unless care is taken to control 

the effects of salt on the analytical signal. Modifications or substitute methods (e.g., additional extract 

concentration steps, larger sample sizes, or concentration of extracts to smaller volumes) might be 

necessary to properly determine analyte concentration in seawater or to meet the desired target detection 

limits (TDLs). It is extremely important to ascertain a laboratory's ability to execute methods and attain 

acceptable detection limits in matrices containing up to 3% sodium chloride. 
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Once the list of target analytes for water has been established, analytical methods have to be determined. 

The water volume required for specific analytical methods may vary. A minimum of 1 L of elutriate 

should be prepared for metals analysis (as little as 100 mL may be analyzed). One liter of elutriate should 

be analyzed for organic compounds. Sample size should also include the additional volume required for 

the matrix spike and matrix spike duplicate analyses required as part of the analytical procedure. Samples 

from the dredging site and, where appropriate, disposal site, should be delivered for organic and metals 

analysis. Sample size is one of the limiting factors in determining detection limits for water analyses, but 

TDLs below the WQS must be the goal in all cases. Participating laboratories should routinely report 

detection limits achieved for a given analyte. 

Detailed methods for the analysis of organic and inorganic priority pollutants in water are referenced in 

40 CPR 136 and in EPA (1983). Additional approved methods include EPA (1986a,b; 1988a,b,c; 1990b,c); 

APHA (1989); ASTM (1991b); Tetra Tech (1985). Most of these methods will require modification to 

achieve low detection limits in saline waters. Analysis of the semivolatile organic priority pollutants 

involves a solvent extraction of water with an optional sample cleanup procedure and analysis using GC 

or GC/MS. The volatile priority pollutants are determined by ,using purge-and-trap techniques and are 

analyzed by either GC or GC/MS. If dioxin (i.e., 2,3,7,8, - TCDD) analysis is necessary, Kuehl et al. 

(1987), Smith et al. (1984), EPA (1989b; Method 8290), or EPA (1990c; Method 1613) should be 

consulted. EPA Method 1613 is the recommended procedure for measuring the tetra- through octa-PCDDs 

and PCDFs. 

A primary requirement for analysis of inorganic and organic priority pollutants is to obtain detection limits 

which will result in usable, quantitative data that can subsequently be compared against applicable WQS 

to determine compliance with the water quality certification requirement under Section 401. Existing EPA 

methods for freshwater analysis need to be adapted to achieve environmentally meaningful detection limits 

in saline waters because of matrix interferences caused by salt. For example, it is recommended that 

sample extracts be concentrated to the lowest possible volume prior to instrumental analysis, and that 

instrumental injection volumes be increased to lower the detection limits. All PCB and pesticide analytes 

should be analyzed by using GC/ECD, since the GC/ECD methods are more sensitive to these compounds 

and will lower the detection limits. PCBs should be quantified as specific congeners (Mullin et al., 1984; 

Stalling et al., 1987) and as total PCBs based on the summation of particular congeners (NOAA, 1989). 

Analysis of saline water for metals is subject to matrix interferences from salts, particularly sodium and 

chloride ions, when the samples are concentrated prior to instrumental analysis. The gold-amalgamation 

method using cold-vapor atomic absorption spectrophotometry (AAS) analysis is recommended to 

eliminate saline water matrix interferences for mercury analysis. Methods using solvent extraction and 
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AAS analysis may be required to reduce saline water matrix interferences for other target metals. Other 

methods appropriate for metals include: cadmium, copper, lead, iron, zinc, silver (Danielson et al., 1978); 

arsenic (EPRI, 1986); selenium and antimony (Sturgeon et al., 1985); low levels of mercury (Bloom et 

al., 1983); and, tributyltin (Rice et al., 1987). Graphite-furnace AAS techniques after extraction are 

recommended for the analysis of metals, with the exception of mercury. 

9.5 Chemical Analysis of Tissues 

9.5.1 Target Analytes 

Bioaccumulation is evaluated by analyzing tissues of test organisms for contaminants determined to be 

of concern for a specific dredged material. Sediment contaminant data and available information on the 

bioaccumulation potential of those analytes have to be interpreted to establish target compounds. 

The n-octanol/water partition coefficient (K0 w) is used to estimate the BCFs of chemicals in organism/water 

systems (Chiou et al., 1977; Kenaga and Goring, 1980; Veith et al., 1980; Mackay, 1982). The potential 

for bioaccumulation generally increases as K
0

w increases, particularly for compounds with log K 0 w less than 

approximately 6. Above this value, there is less of a tendency for bioaccumulation potential to increase 

with increasing Kaw· Consequently, the relative potential for bioaccumulation of organic compounds can 

be estimated from the K
0

w of the compounds. EPA (1985) recommends that compounds for which the log 

K
0

w is greater than 3.5 be considered for further evaluation of bioaccumulation potential. The organic 

compound classes of priority pollutants with the greatest potential to bioaccumulate are PAHs, PCBs, 

pesticides, and some phthalate esters. Generally, the volatile organic, phenol, and organonitrogen priority 

pollutants are not readily bioaccumulated, but exceptions include the chlorinated benzenes and the 

chlorinated phenols. Table 9-5 provides data for organic priority pollutants based on Kaw· Specific target 

analytes for PCBs and PAHs are discussed in Section 9.3.1. The water content and percent lipids should 

be routinely determined as part of tissue analyses for organic contaminants. 

Table 9-6 ranks the bioaccumulation potential of the inorganic priority pollutants based on calculated 

BCFs. Dredged material contaminants with BCFs greater than 1,000 (log BCF >3) should be further 

evaluated for bioaccumulation potential. 

Tables 9-5 and 9-6 should be used with caution because they are based on calculated bioconcentration 

from water. Sediment bioaccumulation tests, in contrast, are concerned with accumulation from a complex 

medium via all possible routes of uptake. The appropriate use of the tables is to help in selecting 
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Table 9-5. Octanol/Water Partition Coefficients (K0 w) for Organic Compound Priority Pollutants and 

301 (h) Pesticidesa. 

Pollutant Octanol/W ater Pollutant Octanol/Water 
Partition Partition 

Coefficient Coefficient 
(log Kow) (log Kow) 

Di-n-octyl phthalate 9.2 Acenaphthylene 4.1 
Indeno( 1,2,3-cd)pyrene 7.7 Butyl benzyl phthalate 4.0 
Benzo(g hi)perylene 7.0 PCB-1221 4.0 
PCB-1260 6.9 Hexachloroethane 3.9 
Mirexb 6.9 Acenaphthene 3.9 
Benzo(k)fluoranthene 6.8 a-hexachlorocyclohexane 3.8 
Benzo(b )fluoranthene 6.6 0-hexachlorocyclohexane 3.8 
PCB-1248 6.1 B-hexachlorocyclohexane 3.8 
2,3,7,8-TCDD (dioxin) 6.1 y-hexachlorocyclohexane 3.8 
Benzo(a)pyrene 6.0 Parathionb 3.8 
Chlordane 6.0 Chlorobenzene 3.8 
PCB-1242 6.0 2,4,6-trichlorophenol 3.7 
4,4'-DDD 6.0 B-endosulfan 3.6 
Dibenzo( a, h )anthracene 6.0 Endosulfan sulfate 3.6 
PCB-1016 5.9 a-endosulfan 3.6 
4,4'-DDT 5.7 Naphthalene 3.6 
4,4'-DDE 5.7 Fluorotrichloromethanec 3.5 
Benzo( a )anthracene 5.6 1,4-dichlorobenzene 3.5 
Chrysene 5.6 1,3-dichlorobenzene 3.4 
Endrin aldehyde 5.6 1,2-dichlorobenzene 3.4 
Fluoranthene 5.5 Toxaphene 3.3 
Hexachlorocyclopentadiene 5.5 Ethylbenzene 3.1 
Dieldrin 5.5 N-nitrosodiphenylamine 3.1 
Heptachlor 5.4 P-chloro-m cresol 3.1 
Heptachlor epoxide 5.4 2,4-dichlorophenol 3.1 
Hexachlorobenzene 5.2 3,3' -dichlorobenzene 3.0 
Di-n-butyl phthalate 5.1 Aldrin 3.0 
4-Bromophenyl phenyl ether 5.1 1,2-diphenylhydrazine 2.9 
Pentachlorophenol 5.0 4-nitrophenol 2.9 
4-Chlorophenyl phenyl ether 4.9 Malathionb 2.9 
Pyrene 4.9 Tetrachloroethene 2.9 
2-Chloronaphthalene 4.7 4,6-dinitro-a-cresol 2.8 
Endrin 4.6 Tetrachl oroethene 2.6 
PCB-1232 4.5 Bis(2-chloroisopropyl)ether 2.6 
Phenanthrene 4.5 1, 1, I -trichloroethane 2.5 
Fluorene 4.4 Trichloroethene 2.4 
Anthracene 4.3 2,4-dimethylphenol 2.4 
Methoxychlorb 4.3 1, 1,2,2-tetrachloroethane 2.4 
Hexachlorobutadiene 4.3 Bromoform 2.3 
1,2,4-trichlorobenzene 4.2 1,2-dichloropropane 2.3 
Bis(2-ethylhexyl)phthalate 4.2 Toluene 2.2 
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Table 9-5. (continued) 

Pollutant Octanol/W ater 
Partition 
Coefficient 
(log Kow) 

1, 1,2-trichloroethane 2.2 
Guthionb 2.2 
Dichlorodiflouromethanec 2.2 
2-chlorophenol 2.2 
Benzene 2.1 
Chlorodibromomethane 2.1 
2,4-dinitrotoluene 2.1 
2,6-dinitrotoluene 2.0 
Tmns-1,2-dichloropropene 2.0 
Cis-1,3-dichloropropene 2.0 
Demetonb 1.9 
Chloroform 1.9 
Dichlorobromomethane 1.9 
Nitro benzene 1.9 
Benzi dine 1.8 
1, 1-dichloroethane 1.8 
2-nitrophenol 1.8 
Isophorone 1.7 

•Adapted from Tetra Tech (1985). 
b301 (h) pesticides not on the priority pollutant list. 
cNo longer on priority pollutant or 30l(h) list. 
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Pollutant Octanol/W ater 
Partition 
Coefficient 
(log Kow) 

Dimethyl phthalate 1.6 
Chloroethane 1.5 
2,4-dinitrophenol 1.5 
1, 1-dichloroethylene 1.5 
Phenol 1.5 
1,2-dichloroethane 1.4 
Diethyl phthalate 1.4 
N-nitrosodipropylamine 1.3 
Dichloromethane 1.3 
2-chloroethylvinylether 1.3 
Bis(2-chloroethoxy )methane 1.3 
Acrylonitrile 1.2 
Bis(2-chloroethyl)ether 1.1 
Bromomethane LO 
Acrolein 0.9 
Chloromethane 0.9 
Vinyl chloride 0.6 
N-nitrosodimethylamine 0.6 

[Note: Mixtures, such as PCB Aroclors®, cannot have discrete K
0

w values, however, the value given is a rough 
estimate for the mean. It is recommended that all PCB analyses use congener-specific methods. All PCB congeners 
have a log K0 w >4 (L. Burkhardt, EPA Duluth, pers. comm.).] 
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Table 9-6. Bioconcentration Factors (BCF) of Inorganic Priority Pollutants.a 

Inorganic Pollutant 

Metals 
Methylmercury 4.6 
Phenylmercury 4.6 
Mercuric acetate 3.5 
Copper 3.1 
Zinc 2.8 
Arsenic 2.5 
Cadmium 2.5 
Lead 2.2 
Chromium IV 2.1 
Chromium III 2.1 
Mercury 2.0 
Nickel 1.7 
Thallium 1.2 
Antimony ND 
Silver ND 
Selenium ND 
Beryllium ND 

Nonmetals 
Cyanide ND 
Asbestos ND 

•Adapted from Tetra Tech (1986b). 
bND: No data. 
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contaminants of concern for bioaccumulation analysis by providing a general indication of the relative 

potential for various chemicals to accumulate in tissues. 

The strategy for selecting contaminants for tissue analysis should include three considerations, all of which 

are related to regulatory concern: 

• the target analyte is a contaminant of concern and is present in the sediment as determined 

by sediment chemical analyses 

• the target analyte has a high potential to accumulate and persist in tissues 

• the target analyte is of toxicological concern. 

Contaminants with a lower potential to bioaccumulate, but which are present at high concentrations in the 

sediments, should also be included in the target list because bioavailability can increase with concentration. 

Conversely, contaminants with a high accumulation potential and of high toxicological concern should be 

considered as targets, even if they are only present at low concentrations in the sediment. Nonpriority

pollutant contaminants which are found in measurable concentrations in the sediments should be included 

as targets for tissue analysis if they have the potential to bioaccumulate and persist in tissues, and are of 

toxicological concern. 

9.5.2 Analytical Techniques 

At present, formally approved standard methods for the analysis of priority pollutants and other 

contaminants in tissues are not available. However, studies conducted for EPA and other agencies have 

developed analytical methods capable of identifying and quantifying most organic and inorganic priority 

pollutants in tissues. The amount of tissue required for analysis is dependent on the analytical procedure 

and the tissue moisture content. General guidance, but not firm recommendations, for the amount of tissue 

required, is provided in Table 8-2. The required amounts may vary depending on the analytes, matrices, 

detection limits, and particular analytical laboratory. Tissue moisture content must be determined for each 

sample to convert applicable data from a wet-weight to a dry-weight basis, however both wet- and dry

weight data should be reported. 

Detection limits depend on the sample size as well as the specific analytical procedure. TDLs should be 

determined for all analytes according to initial guidance in 40 CFR 136 and more definitive guidance in 
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EPA (1995; cf. Section 9.2). Detection limits should be specified based on the intended use of the data 

and specific needs of each evaluation. 

Existing methods for priority pollutant tissue analysis involve two separate procedures: one for organic 

compounds and another for metals. The recommended methods for the analysis of semivolatile organic 

pollutants are described in NOAA (1989). The procedure involves serial extraction of homogenized tissue 

samples with methylene chloride, followed by alumina and gel-permeation column cleanup procedures that 

remove coextracted lipids. An automated gel-permeation procedure described by Sloan et al. (1993) is 

recommended for rapid, efficient, reproducible sample cleanup. The extract is concentrated and analyzed 

for semivolatile organic pollutants using GC with capillary fused-silica columns to achieve sufficient 

analyte resolution. If dioxin (i.e., 2,3,7,8-TCDD) analysis is being performed, the methods of Mehrle et 

al. (1988), Kuehl et al. (1987), Smith et al. (1984), EPA (1989b; Method 8290), or EPA (1990c; Method 

1613) should be consulted. EPA Method 1613 is the recommended procedure for measuring the tetra

through octa-PCDDs and PCDFs. 

Chlorinated hydrocarbons (e.g., PCBs and chlorinated pesticides) should be analyzed by GC/ECD. PCBs 

should be quantitated as specific congeners (Mullin et al., 1984; Stalling et al., 1987) and not by industrial 

formulations (e.g., aroclors) because the levels of PCBs in tissues result from complex processes, including 

selective accumulation and metabolism (see the discussion of PCBs in Section 9.3.2). Lower detection 

limits and positive identification of PCBs and pesticides can be obtained by using chemical ionization 

mass spectrometry. 

The same tissue extract is analyzed for other semivolatile pollutants (e.g., PAHs, phthalate esters, 

nitrosamines, phenols, etc.) using GC/MS as described by NOAA (1989), Battelle (1985), and Tetra Tech 

(1986b). These GC/MS methods are similar to EPA Method 8270 for solid wastes and soils (EPA, 1986a). 

Lowest detection limits are achieved by operating the mass spectrometer in the SIM mode. Decisions to 

perform analysis of nonchlorinated hydrocarbons and resulting data interpretation should consider that 

many of these analytes are readily metabolized by most fish and many invertebrates. Analytical methods 

for analysis of tissue samples for volatile priority pollutants are found in Tetra Tech (1986b). 

Tissue lipid content is of importance in the interpretation of bioaccumulation information. A lipid 

determination should be performed on biota submitted for organic analysis if: (1) food chain models will 

be used; (2) test organisms could spawn during the test; (3) special circumstances occur (Tier IV), such 

as those requiring risk assessment. Bligh and Dyer ( 1959) provide an acceptable method, and the various 

available methods are evaluated by Randall et al. (1991). 
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Analysis for priority pollutant metals involves a nitric acid or nitric acid/perchloric acid digestion of the 

tissue sample and subsequent analysis of the acid extract using AAS or inductively coupled plasma-atomic 

emission spectrometry (ICP) techniques. Procedures in Tetra Tech (1986b) and EPA (199lc) are generally 

recommended. NOAA (1989) methods may also be used and are recommended when low detection levels 

are required. Microwave technology may be used for tissue digestion to reduce contamination and to 

improve recovery of metals (Nakashima et al., 1988). This methodology is consistent with tissue analyses 

performed by NOAA (1989), except for the microwave heating steps. Mercury analysis requires the use 

of cold-vapor AAS methods (EPA, 199lc). The matrix interferences encountered in analysis of metals in 

tissue may require case-specific techniques for overcoming interference problems. If tributyltin analysis 

is being performed, the methods of Rice et al. ( 1987) or Uhler et al. (1989) should be consulted. 
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10.0 GUIDANCE FOR PERFORMING TIER II EVALUATIONS 

10.1 Tier II: Water Column Effects 

If a water column determination cannot be made in Tier I, the Tier II water column evaluation must be 

conducted for comparison with numeric water-quality standards (WQS) (Section 5.1). There are two 

approaches for the Tier II water column evaluation for WQS compliance. One approach is to use 

numerical models provided in Appendix C of this manual as a screen, assuming conservatively that all 

of the contaminants in the dredged material are released into the water column during the disposal process. 

The other approach applies the same model, using the results from a chemical analysis of an elutriate 

prepared from the dredged material (Section 10.1.2.1). 

10.1.1 Screen Relative To WQS 

A screening approach may reduce the evaluation effort for dredged material that will cause only minimal 

water column impact. In a typical disposal operation, most contaminants remain associated with the 

dredged material that settles to the bottom and cause limited water column impact during descent. The 

screen is not a requirement but is intended to reduce the effort required to develop information required 

for factual determinations. 

Appendix C provides guidance on which numerical computer or analytical models should be applied to 

particular dredged material disposal projects and the information that is necessary to perform the 

evaluations. Versions of models for use on IBM-compatible microcomputers and example applications are 

provided on the diskettes in the pocket inside the back cover of this manual. The output of the appropriate 

model is used to determine if additional testing is needed. 

The model need be run only for the contaminant of concern that requires the greatest dilution. If this 

contaminant is shown to meet the WQS, all of the other contaminants that require less dilution will also 

meet the WQS. The contaminant requiring the greatest dilution is determined by calculating the dilution 

that would be required to meet the WQS. To determine the dilution D, the following equation is solved 

for each contaminant of concern in terms of dissolved concentrations: 

where c, 
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1000 = 
ewq = 
eds = 

10-2 

suspended solids concentration in the dredged material discharge 

expressed as grams per liter (g/L); 

conversion factor, g to Kg; 

WQS in micrograms per liter (µg/L); and 

background concentration of the contaminant at the disposal site m 
micrograms per liter (µg/L). 

Note that if the concentration of the constituent in the dredged material (e. x SS/1000) is less than ewq• 

no calculation is necessary since no dilution is required. Note also that, if the ambient disposal-site water 

concentration (ed.) of a constituent is greater than ewq• water quality at the disposal site cannot be met by 

dilution. Appendix C provides detailed information for performing the above calculations and identifying 

the contaminant of concern requiring the greatest dilution. 

The concentration of this contaminant is then modeled to determine its maximum concentration in the 

water column outside the boundary of the mixing zone. If this concentration is below the applicable WQS, 

no additional testing is necessary to make a determination regarding WQS. If the concentration is higher, 

additional testing is necessary, as described in Section 10.1.2. 

Note that the procedure described above cannot be used to evaluate water column impact. It can be used 

only to determine whether additional testing for potential water-column impact, as described in Section 

10.1.2, is necessary. 

10.1.2 Elutriate Analysis Relative To WQS 

For an elutriate analysis, the numerical mixing model (Appendix C) is run with chemical data obtained 

from an elutriate test conducted on the dredged material. The standard elutriate analysis is described in 

Section 10.1.2.1 and the analytical procedures for measuring constituents in the water are provided in 

Section 9.4.2. The model is, in effect, using data that more accurately represent the contaminant 

concentrations that will be present in the water column after consideration of mixing. If the numerical 

model (Appendix C) predicts that the concentration of all contaminants of concern at the edge of the 

mixing zone is less than the available, applicable WQS, the dredged material complies with WQS. 

Otherwise, it does not. 
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10.1.2.1 Standard Elutriate Preparation 

The standard elutriate test is used to predict the release of contaminants to the water column resulting from 

open water disposal. Prior to use, all labware should be thoroughly cleaned as appropriate for the 

contaminant analysis. At a minimum, labware should be washed with detergent, rinsed with acetone, five 

times with tap water, placed in a clean 10% HCl acid bath for a minimum of 4 h, rinsed five times with 

tap water, and then thoroughly flushed with either distilled or deionized water. 

The elutriate should be prepared by using water from the dredging site. Enough elutriate should be 

prepared for the chemical analyses and for the water column toxicity tests in Tier III. 

The elutriate is prepared by subsampling approximately 1 L of the dredged material from the well-mixed 

original sample. The dredged material and unfiltered water are then combined in a sediment-to-water ratio 

of 1 :4 on a volume basis at room temperature (22 ± 2°C). This is best accomplished by volumetric 

displacement. After the correct ratio is achieved, the mixture is stirred vigorously for 30 min with a 

mechanical or magnetic stirrer. At 10 min intervals, the mixture is also stirred manually to ensure complete 

mixing. After the 30 min mixing period, the mixture is allowed to settle for 1 h. The supernatant is then 

siphoned off without disturbing the settled material, and centrifuged to remove particulates prior to 

chemical analysis (approximately 2,000 rpm for 30 min, until visually clear). If the elutriate is to be used 

for toxicity testing, refer to the procedures in Section 11.1.4. 

10.1.2.2 Chemical Analysis 

Analytical procedures for specific constituents in water are provided in Section 9.4.2. 

10.1.2.3 Comparison with WQS (Standard Elutriate Test) 

The model need be run only for the contaminant that requires the greatest dilution to make a WQS 

determination. This contaminant may or may not be the same as that run in the screen (Section 10.1.1). 

Calculations must therefore be conducted for all of the contaminants detected during analysis of the 

elutriate to determine which one requires the greatest dilution. The contaminant requiring the greatest 

dilution is determined by calculating the dilution that would be required to meet the WQS. To determine 

the dilution D, the following equation is solved for each contaminant of concern in terms of dissolved 

concentrations: 
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concentration of the dissolved contaminant in the standard elutriate in micrograms 
per liter (µg!L). All other terms are as previously defined in Section 10.1.1. 

10.2 Theoretical Bioaccumulation Potential (TBP) of Nonpolar Organic Chemicals 

The TBP is an approximation of the equilibrium concentration in tissues if the dredged material in 

question were the only source of contaminant to the organisms. The TBP calculation in Tier II is applied 

as a coarse screen to predict the magnitude of bioaccumulation likely to be associated with nonpolar 

organic contaminants in the dredged material. At present the TBP calculation can be performed only for 

nonpolar organic chemicals such as PCBs. However, methods for TBP calculations with metals and polar 

organic compounds are under development and may be added to this manual in the future. For the present, 

bioaccumulation potential of polar organic compounds, organometals, and metals in dredged material can 

only be tested (in Tiers III or IV), not calculated. However, it is still useful to calculate the TBP, which 

provides an indication of the magnitude of bioaccumulation of nonpolar organic compounds that may be 

encountered in testing at higher tiers. Additionally, if the TBP of the nonpolar organic compounds 

indicates that these contaminants are not bioavailable, this calculation may eliminate the need for further 

evaluation of these compounds and thereby reduce efforts in higher tiers. 

Nonpolar organic chemicals include all organic compounds that do not dissociate or form ions. This 

includes the chlorinated hydrocarbon pesticides, many other halogenated hydrocarbons, PCBs, many PAHs 

including all the priority pollutant PAHs, dioxins and furans. It does not include metals and metal 

compounds, organic acids or salts, or organometallic complexes such as tributyltin or methyl mercury. 

The environmental distribution of nonpolar organic chemicals is controlled largely by their solubility in 

various media. Therefore, in sediments they tend to occur primarily in association with organic matter 

(Karickhoff, 1981). In organisms they are found primarily in the body fats or lipids (Konemann and van 

Leeuwen, 1980; Geyer et al., 1982; Mackay, 1982; Bierman, 1990). Bioaccumulation of nonpolar organic 

compounds from dredged material can be estimated from the organic carbon content of the material, the 

lipid content of the organism, and the relative affinities of the chemical for sediment organic carbon and 

animal lipid content. 

The TBP calculation assumes that various lipids in different organisms and organic carbon in different 

sediments are similar and have similar distributional properties. Other simplifying assumptions are that 

chemicals are freely exchanged between the sediments and tissues and that compounds behave 
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conservatively. In reality, compound size and structure may influence accumulation, and portions of 

organic compounds present on suspended particulates may have kinetic or structural barriers to availability. 

Another important assumption implicit in the TBP calculations is that there is no metabolic degradation 

or biotransformation of the chemical. Organic-carbon normalized contaminant concentrations are used such 

that the sediment-associated chemical can be characterized as totally bioavailable to the organism. 

Calculations based on these assumptions yield an environmentally conservative TBP value for the dredged 

material if the dredged material in question is the only source of the contaminant for the organism. 

However, note that TBP calculations are not valid for sediments with TOC ~ 0.2%. 

It is possible to relate the concentration of a chemical in one phase of a two-phase system to the 

concentration in the second phase when the system is in equilibrium. The TBP calculation focuses on the 

equilibrium distribution of a chemical between the dredged material or reference sediment and the 

organism. By normalizing nonpolar organic chemical concentration data for lipid content in organisms, 

and organic carbon in dredged material or reference sediment, it is possible to estimate the preference of 

a chemical for either phase. This approach is based on the work of Konemann and van Leeuwen (1980) 

and Karickhoff ( 1981). 

McFarland (1984) took the approach one step farther. He calculated that the equilibrium concentration of 

nonpolar organic chemicals, which the lipids of an organism could accumulate as a result of exposure to 

dredged material, would be about 1.7 times the organic carbon-normalized concentration of the chemical 

in the dredged material. Concentrations are directly proportional to the lipid content of the organism and 

the contaminant content of the dredged material or reference sediment, and are inversely proportional to 

the organic carbon content of the dredged or reference material (Lake et al., 1987). 

The possible chemical concentration in an organism's lipids [the lipid bioaccumulation potential (LBP)] 

would theoretically be 1.7 times the concentration of that chemical in the sediment organic carbon. 

Rubinstein et al. (1987) have shown, based on field studies with PCBs, that a value of 4 for calculating 

LBP is appropriate. However, note that more precise values for specific chemicals are now available. 

Current information on such values may be obtained from the ACOE Contaminated Sediment Bulletin 

Board (BBS: phone number is 601-634-4380; settings are N, 8, 1). LBP represents the potential 

contaminant concentration in lipid if the sediment is the only source of that contaminant to the organism. 

It is generally desirable to convert LBP to whole-body bioaccumulation potential for a particular organism 

of interest. This is done by multiplying LBP by that organism's lipid content, as determined by lipid 

analysis or from reported data. Soft-bodied invertebrate lipid contents may range from 1 - 2% wet weight 

(based on data from an oligochaete, midge, and amphipod species [G. Ankley, EPA Duluth and H. Lee, 

EPA Newport, pers. comm.]). 
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Theoretical bioaccumulation potential (TBP) can be calculated relative to the biota sediment accumulation 

factor (BSAF) as 

TBP = BSAF (CJ %TOC) %L 

where TBP is expressed on a whole-body wet-weight basis in the same units of concentration as C,, and 

C, = concentration of nonpolar organic chemical in the dredged material or reference 

sediment (any units of concentration may be used); 

BSAF = 4 (Ankley et al., 1992c) 

% TOC = total organic carbon content of the dredged material or reference sediment expressed 
as a decimal fraction (i.e., 2% = 0.02); and 

%L = organism lipid content expressed as a decimal fraction (i.e., 3% = 0.03) of whole-
body wet weight. 

This calculation is based on work by McFarland and Clarke (1987). 
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11.0 GUIDANCE FOR PERFORMING BIOLOGICAL EFFECTS TESTS 

Biological effects tests, i.e., toxicity tests, may be necessary if Tier I evaluations conclude that the dredged 

material contains contaminants which might result in an unacceptable adverse impact to the benthic 

environment and/or the water column. Toxicity tests with whole sediment are used to determine the 

potential for effects on benthic (bottom dwelling) organisms; toxicity tests with suspensions/solutions of 

dredged material are conducted to determine the potential effects on water column organisms. 

The objective of water column toxicity tests is to determine the potential impact of dissolved and 

suspended contaminants on organisms in the water column, after considering mixing. Test organisms 

should be representative of appropriately sensitive water column species existing in the vicinity of the 

disposal site. 

The objective of benthic toxicity tests is to determine the potential impact of whole sediment on benthic 

organisms at and beyond the boundaries of the disposal site. The organisms used in testing should be 

representative of appropriately sensitive infaunal or epifaunal organisms existing in the vicinity of the 

disposal site. Benthic toxicity tests are intended to determine the potential chemical toxicity of a dredged 

material as distinct from its physical (e.g., grain-size) effects. Some organisms, particularly marine, are 

affected by differences in sediment textures or absence of sediments (McFarland, 1981; DeWitt et al., 

1988). Control and reference sediments should be selected to minimize any artifactual effects of 

differences in grain size. If the sediment texture varies considerably between the dredged material and the 

control or reference sediments, any possible effects of grain size have to be determined and considered 

when designing the tests and evaluating the test results (e.g., DeWitt et al., 1988). 

11.1 Tier ill: Water Column Toxicity Tests 

Tests to evaluate dredged-material impact on the water column involve exposing test organisms to an 

elutriate dilution series containing both dissolved and suspended components of the dredged material. The 

test organisms are added to the exposure chambers and exposed for a prescribed period (usually 96 h 

though some tests, e.g., bivalve larvae, may be run for shorter periods). The surviving organisms are 

examined at specified intervals and/or at the end of the test to determine if the test material is producing 

an effect. An introductory guide to general toxicity testing is presented in Part 8000 of APHA (1989) and 

in ASTM (1994b). Biological testing aspects of these reference publications may be followed as long as 

they do not conflict with this manual. 
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11.1.1 Species Selection 

Three species are recommended for use in the water column exposure and should represent different phyla 

where possible (Table 11-1). The rationale for testing more than a single species is to cover the potential 

range of differing species sensitivities and to be environmentally protective. Of the species tested, at least 

one needs to be a sensitive benchmark (starred) species except as provided below; however, this does not 

preclude the use of more than one benchmark species. Those non-benchmark species listed in Table 11-1 

or other species can be used if a summary of test conditions and test acceptability criteria similar to the 

starred benchmark species are established, and data from reference toxicity tests (see Appendix G .2.10.5 .2) 

are provided on the sensitivity of the species. In order to be technically justfied, species proposed for use 

regionally and not listed in Table 11-1 would need to meet the species characteristics criteria, provided 

later in this Section, and proponents need to generate the following supporting information: 

• data from toxicity tests using a set of reference chemicals with differing modes of action 

demonstrating that the proposed species is as sensitive or more sensitive than the species 

in Table 11-1 

• summary of test conditions and test acceptability criteria. 

If species proposed for use regionally are tested in conjunction with a benchmark species, the above 

supporting information is desirable but not needed. However, if the region substututes all species, the 

above information is needed. 

The test organisms may be from healthy laboratory cultures or may be field collected, but not from within 

the influence of former or active disposal sites or other discharges. Ideally, the test species should be the 

same or closely related to those species that naturally dominate biological assemblages in the vicinity of 

the disposal site. Species characteristics to consider when designing water-column tests include, not in 

order of importance: 

• readily available year-round 

• tolerate handling and laboratory conditions 

• give consistent, reproducible response to toxicants 

• related phylogenetically and/or by ecological requirements to species characteristic of the 

water column of the disposal site area in the season of the proposed disposal 

• standardized test protocols are available 

• can be readily tested as juveniles or larvae to increase sensitivity 

• important ecologically, economically, and/or recreationally 

• appropriately sensitive. 
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Table 11-1. Candidate Toxicity Test Species for Determining Potential Water Column Impact of 
Dredged Material Disposal. Details of testing procedures are provided in Appendix E. 

Crustaceans 
Mysid shrimp, Mysidopsis sp. * (N)ct 

Neomysis americana* (N) 
Holmesimysis costata* (N) 

Grass shrimp, Palaemonetes sp. (N) 
Commercial shrimp, Penaeus sp. (N) 
Cladocerans, Daphnia magna* (F) ct 

Fish 

Daphnia pulex* (F) ct 
Ceriodaphnia dubia* (F)ct 

Silversides, Menidia sp. * (N) (E)ct 
Sheepshead minnow, 
Cyprinodon variegatus* (N)d 
Speckled sanddab, Citharicthys stigmaeus (N) 
Grunion, Leuresthes tenuis (N) 
Fathead minnow, Pimephales promelas* (F)ct 

Bluegill sunfish, Lepomis macrochirus (F) 
Channel catfish, Ictalurus punctatus (F) 
Rainbow trout, Oncorhynchus mykiss* (F) 

Bivalves 
Larvae of 

Oyster, Crassostrea sp. * (N,EY 
Mussel, Mytilus edulis* (N,E)a 

Echinoderms 
Larvae of 

Sea urchins, Strongylocentrotus sp. *be 

(N) 
Lytechinus pictusb (N) 

Sanddollar, Dendraster sp. *be (N) 

Note: Examples are not presented in order of importance; however, the asterisks indicate sensitive 
recommended benchmark species. Benchmark species comprise a substantial data base, represent 
the sensitive range of a variety of ecosystems, and provide comparative data on the relative 
sensitivity of local test species. Other species may be designated in future as benchmark species 
by EPA and USACE when the data on their response to contaminants are adequate. 

a 

b 

c 

d 

fertilized egg to hinged, D-shaped prodissoconch I larvae. Note that these two species can be used 
in estuarine waters down to appropriate low levels of salinity (see Appendix E). 
fertilized egg to pluteus larvae 
sperm fertilization 
These species can also be used in sublethal, chronic testing (methods for such testing are available 
but not detailed in this manual). 

For the purpose of this manual, related to the tolerances of the test animals, (F) = Freshwater, salinity ~ 
1 %0 (N) = Near Coastal, salinity ~ 25%0 (E) =Estuarine, salinity 1-25%0. It is recognized that the 
commonly accepted salinity range for estuaries is 1-35%0 and near coastal salinity is usually greater than 
30%0 salinity. 
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In addition to species occurring at the disposal site, other representative commercially available species 

or sensitive life stages of economically important species may be used. Mysids of the genera Mysidopsis, 

Neomysis, or Holmesimysis are highly recommended as test species. Embryo-larval stages of echinoderms, 

crustaceans, molluscs, or fish are also appropriate organisms. Adult fish and molluscs and large 

crustaceans must not be used for water column toxicity testing because of their generally greater resistance 

to contaminants, except as additional test organisms where data on economically important species are 

necessary to address public or regional concerns. 

Regardless of their source, test organisms should be collected and handled as gently as possible. They 

should be gradually acclimated to the test conditions if test conditions differ from holding conditions. Field 

collected organisms must be tested within 2 weeks of collection. Animals from established laboratory 

cultures can be held indefinitely. Further details on methods are provided in ASTM (1994b). 

11.1.2 Apparatus 

Water column toxicity tests are generally conducted as static exposures in pre-cleaned glass chambers 

equipped with covers to minimize evaporation. The size of the chambers depends on the size of the test 

species. Before use, all glassware should be washed with detergent, rinsed five times with tap water, 

placed in a clean 10% HCl acid bath for a minimum of 4 h, rinsed with acetone, five times with tap water, 

and then thoroughly flushed with either distilled or deionized water. 

Equipment and facilities must provide acceptable lighting requirements and temperature control. An 

environmental incubator or a water-bath system that allows temperature control within ±1°C is 

recommended. 

11.1.3 Laboratory Conditions 

Water column toxicity tests should be conducted under conditions known to be non-stressful to the test 

organisms. Salinity for marine/estuarine organisms should be stable within ±2°/oo and, for all organisms, 

temperature should be stable within ±2°C throughout the exposure period. Dissolved-oxygen concentration 

should not be allowed to fall below an absolute minimum of 40% saturation for warm water species and 

60% for cold water species. The temperature, salinity (if appropriate), dissolved oxygen, and pH in the 

test containers should be measured and recorded daily. Measurements of other parameters, for instance 

ammonia, may also be useful but need not be done daily. 
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11.1.4 Laboratory Procedures 

Elutriate Preparation 

Elutriate should be prepared using water collected from the dredging site. Disposal site water, clean 

seawater or freshwater, or artificial sea/salt mixtures should be used as dilution water for the tests. If 

sea/salt mixtures are used, they must be prepared in strict accordance with the manufacturer's instructions 

and allowed to age (with aeration) to ensure that all salts are in solution and pH has stabilized before use 

in any test. The elutriate is prepared by subsampling approximately 1 L of the homogenized dredged-mate

rial sample. The dredged material and unfiltered dredging site water are then combined in a sediment-to

water volumetric ratio of 1 :4 at room temperature (22 ± 2°C). The mixture is then stirred vigorously for 

30 min with a mechanical or magnetic stirrer. At 10 min intervals, the mixture is also stirred manually 

to ensure complete mixing. After the 30 min mixing period, the mixture is allowed to settle for 1 h. The 

liquid plus the material remaining in suspension after the settling period represents the 100% liquid plus 

suspended particulate phase. The supernatant is then carefully siphoned off, without disturbing the settled 

material, and immediately used for testing. With some very fine-grained dredged materials, it may be 

necessary to centrifuge the supernatant until the suspension is clear enough for the organisms to be visible 

in the testing chamber. Note that 15-40 L of elutriate may need to be prepared to test some species. 

Test Design 

The number of replicate exposure chambers per treatment should be determined according to the guidance 

in Appendix E. A minimum of five replicates per treatment and 10 organisms (except zooplankton or 

larvae) per replicate is generally recommended. Organism loading density must be low enough to avoid 

overcrowding stress. 

At least three concentrations of the dredged-material elutriate should be tested; recommended treatments 

are 100%, 50%, and 10%. Water from the same source in which the animals were held prior to testing 

must be included as a control treatment subject to test survival acceptability criteria for controls (Appendix 

G). To properly evaluate the test results, any toxicity at 100% dilution water should also be determined. 

The test organisms should be approximately of equal size and/or age and assigned randomly to the 

different treatments. Zooplankton and larvae are usually transferred with the aid of a pipette. Air must not 

be trapped on or under the animals during the transfer process. Larger animals may be transferred in fine

mesh nets. Animals which are dropped or exhibit abnormal behavior should be discarded. 

The test chambers should be covered and randomly placed in an incubator or water bath. The test type 

is static non-renewal; the control and test solutions are not replaced. During the exposure period, aeration 

should not be supplied (unless necessary to keep dissolved oxygen concentration above 40% saturation 
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for warm water species or 60% for cold water species), and the test solutions should not be stirred. Some 

species of crustaceans, particularly larval forms, may require feeding during the test. All food used must 

be analyzed to ensure that it is acceptably free of contaminants and will support survival, growth or 

reproduction of test organisms (cf. EPA, 1994b). 

Recommended test duration is 48-96 h for zooplankton and some larvae (e.g., oysters) and up to 96 h for 

other organisms. For bivalve larvae, the ASTM (1994c) procedure should be used. Useful procedures for 

other organisms are given in ASTM (1994b). For some tests, intermediate time observations may be made 

of survival but, for other tests, survival is only assessed at the end of the testing period. For intermediate 

observations, care must be taken to minimize any stress to the test organisms. Only the number of living 

organisms are counted, not the number of dead. An animal is judged dead if it does not move either after 

the water is gently swirled or after a sensitive part of its body is gently touched with a probe. At 

intermediate observations, a pipette or forceps is used to remove dead organisms, molted exoskeletons, 

and food debris. 

If greater than acceptable mean mortality or abnormal development occurs in the control as defined in the 

procedures for proper conduct of that test, the test must be repeated. Further QA/QC considerations are 

provided in Appendix G. 

11.1.5 Data Presentation and Analysis 

Data Presentation 

The data for each test species should be presented in separate tables that include the following information: 

• the scientific name of the test species 

• the number of organisms in each treatment at the start of the test 

• the number of organisms alive at each observation period, if applicable 

• the number of organisms recovered alive and/or in normal health from each chamber at 

the end of the test 

• additional information including water quality and any behavioral or other abnormalities. 

Data Analysis 

It is possible that no mortality or other effects will be observed in any of the treatments or that survival 

or other effects in the dredged material treatments will be equal to or higher than in the control or in the 

dilution water treatments. In either of these situations, there is no need for statistical analysis and no 

indication of water column toxicity attributable to the dredged material. However, if survival or other 

ED_013073_00000028-00137 



11-7 

effects in the dilution water treatment is at least 10% greater than the 100% dredged-material treatment, 

the data have to be evaluated statistically to determine whether the dredged-material suspension is 

significantly more toxic than the dilution water. If the 100% dredged-material treatment is not statistically 

different from the dilution water, the dredged material is predicted not to be acutely toxic to water column 

organisms. An LC50 should not be calculated unless at least 50% of the test organisms die in at least one 

of the serial dilutions . If there are no mortalities greater than 50%, then the LC50 is assumed to be 

2':100%. If a statistical difference exists and greater than 50% mortality or other effects occur in all of the 

treatments, it is not possible to calculate an LC50 or EC50 value. If the conditions are highly toxic, such 

that the 10% treatment has greater than 50% mortality, further dilution must be made (new treatments of 

less than 10% dredged material) to attain a survival of greater than 50% and determine the LC50 or EC50 

by interpolation. Statistical procedures recommended for analyzing the test data are described in detail in 

Appendix D. 

11.1.6 Conclusions 

The Tier III water-column effects evaluation involves using a numerical model comparison with the WQS. 

Descriptions of the models and applications are given in Appendix C, and the models are provided on the 

diskettes that can be found in the pocket inside the back cover of this manual. 

The modeled concentrations of the dredged material (expressed as percentages) are compared to 0.01 of 

the 48- or 96-h LC50 or EC50, depending on the test duration. The maximum allowable concentration 

outside the mixing zone is 0.01 LC50 or EC50• Note that the 0.01 factor is intended for acute mortality data 

(e.g., relating acute to chronic toxicity) and not for more subtle effects such as abnormalities, growth or 

reproduction, including EC50 data (NAS, 1972). However, in the absence of other alternatives, the 0.01 

application factor should be applied to EC50 data although it is recognized that these results will be 

conservative and that derivation of this historic application factor was largely a matter of "best professional 

judgement" by the NAS (1972). Thus, site-specific review may be required in some cases to determine 

compliance. 

11.2 Tier III: Benthic Toxicity Tests 

Toxicity tests with whole sediment are designed to determine whether the dredged material is likely to 

produce unacceptable adverse effects on benthic organisms. In benthic toxicity tests, the test animals are 

exposed to the whole sediment and any effects recorded. 
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11.2.1 Species Selection 

Species representing three life history strategies are recommended for use in the whole sediment toxicity 

tests, one each representing a filter feeder, deposit feeder and a burrowing organism where possible (Table 

11-2). The rationale for testing more than a single species is to cover the range of differing species 

sensitivities and to be environmentally protective. No single species is adequately protective of the broad 

range of possible chemical contaminants nor of the equally broad range of possible biological responses. 

Of the species tested, at least one sensitive benchmark (starred) species needs to be be used in all cases 

except as provided below; however, this does not preclude the use of benchmark species representative 

of all three required categories. If only two different species are being tested they should, together, cover 

the following three life history strategies: filter feeder, deposit feeder, burrower. Since amphipods are 

excellent organisms for short term toxicity, they are recommended as one of the species to be tested. Non

benchmark species listed in Table 11-2 can be used if a summary of test conditions and test acceptability 

criteria similar to the starred benchmark species are established and data from reference toxicity tests (see 

Appendix G.2.10.5.2) are provided on the sensitivity of the species. In order be technically justified, 

species proposed for use regionally and not listed in Table 11-2 need to meet the species characteristics 

criteria provided later in this section and proponents need to provide the following supporting information: 

• data from toxicity tests using a set of reference chemicals with differing modes of action 

demonstrating that the proposed species is as sensitive or more sensitive than the species 

in Table 11-2 

• summary of test conditions and test acceptability criteria. 

If species proposed for use regionally are tested in conjunction with a benchmark species, the above 

supporting information is desirable but not required. However, if the region substitutes all species, the 

above information is needed. 

Benthic organisms are used to evaluate the potential benthic impact of dredged material disposal. Testing 

of contaminated sediments (e.g., Word et al., 1989; Gentile et al., 1988; Rogerson et al., 1985) and 

regulatory program experience since 1977 under the Marine Protection, Research, and Sanctuaries Act and 

the Clean Water Act have shown that different species have various degrees of sensitivity to the physical 

and chemical composition of sediments. 

To accurately evaluate potential benthic impact, appropriately sensitive toxicity test species should be 

related as closely as possible, both phylogenetically and ecologically, to benthic organisms in the disposal 
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Table 11-2. Candidate Acute Toxicity Test Species for Determining Potential Benthic Impact of 
Dredged-Material Disposal. Details of testing procedures are provided in Appendix E. 
Additional guidance is provided in ASTM (1994d,e,f,g) and EPA (1994c,d). 

Amphipod Crustaceans 
Ampelisca abdita* (NY [ d,b] 
Rhepoxynius abronius* (N) [d,b] 
Grandidierella japonica (N) [d,b] 
Corophium sp. (N) [f,d,b] 
Leptocheirus plumulosus* (E,N)a [ d,b] 
Eohaustorius estuarius* (E) [d,b] 
Hyalella azteca* (E,F)8 [d,b] 

Polychaetes 
Neanthes arenaceodentata (NY [d,b] 

Juvenile Bivalves (clams) 
Paper pondshell freshwater mussel, Anodonta 
imbecillis (F) [f,b] 

Crustaceans other than Amphipods 
Mysid shrimp, Mysidopsis sp. (N) [f,d] 

Neomysis americana (N) [f] 
Holmesimysis costata (N) [f] 

Commercial shrimp, Penaeus sp. (N) [d,b] 
Grass shrimp, Palaemonetes sp. (N,E)b [d] 

Insect Larvae 
Midges, Chironomus tentans* (F)a [d,b] 

C. riparius* (FY [d,b] 
Mayfly, Hexagenia limbata (F) [d,b] 

Oligochaetes 
Pristina leidyi (F) [d,b] 
Tubifex tubifex (FY [d,b] 
Lumbriculus variegatus (FY [d,b] 

Note: Examples are not presented in order of importance; however, the asterisks indicate sensitive 
recommended benchmark species. Benchmark species comprise a substantial data base, represent 
the sensitive range of a variety of ecosystems, and provide comparative data on the relative 
sensitivity of local test species. Other species may be designated in future as benchmark species 
by EPA and the USACE when the data on their response to contaminants are adequate. Only 
benthic species should be tested. Although sediment dwellers are preferable, intimate contact with 
sediment is acceptable. Note that testing with all recommended taxa is not required; however, at 
least one starred amphipod taxon must be tested. 

[f =filter feeder; d =deposit feeder; b =burrower]. Note that A. abdita, L. plumulosus, C. tentans, and 
H. limbata are not direct filter feeders, but are suspension feeders. 

a 

b 

These species can also be used in sublethal, chronic testing (methods for such testing are available 
but not detailed in this manual). 

This species can be used in estuarine waters down to appropriate low levels of salinity (see 
Appendix E). 

For the purposes of this manual, related to the tolerances of the test animals, (F) = Freshwater, salinity 
~ 1 %0 (N) = Near Coastal, salinity ~ 25%0 (E) = Estuarine, salinity 1-25%0. It is recognized that the 
commonly accepted salinity range for estuaries is 1-35%0 and near coastal water is usually greater than 
30%0 salinity. 
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site area. Commercially important but possibly less sensitive benthic species in the vicinity of the disposal 

site may also be considered for testing. 

Sediment grain size is likely to vary substantially between the dredged material, the reference sediment, 

and the control sediment. If candidate test species are overly sensitive to the different grain sizes (for 

instance, excessive mortality in the reference sediments attributable to grain size and not to other factors), 

either this must be taken into account (e.g., DeWitt et al., 1988) or other, more grain-size tolerant species 

should be considered for the project. 

Final selection of test species for a particular dredged material disposal project should be made in 

consultation with regional regulatory and scientific personnel. Two phylogenetically and ecologically 

different species are recommended to account for different sensitivities to contaminants. The following 

is a list, not necessarily in order of importance, of characteristics to consider for species selection: 

• readily available year-round 

• preferably ingest sediments 

• tolerate grain sizes of dredged material and control and reference sediments equally well or 

differences should be accounted for 

• give consistent, reproducible response to toxicants 

• tolerate handling and laboratory conditions 

• related phylogenetically and/or by ecological requirements to species characteristic of the benthic 

environment of the disposal site area in the season of the proposed disposal 

• standardized test protocols are available 

• important ecologically, economically, and/or recreationally 

• appropriately sensitive. 

Infaunal amphipods are excellent organisms for short term toxicity tests with whole sediment (Swartz et 

al., 1979, 1985; Mearns and Word, 1982; Rogerson et al., 1985; Nebeker et al., 1984; Gentile et al., 1988; 

Scott and Redmond, 1989; Word et al., 1989; Burton, 1991), and are strongly recommended as appropriate 

test species for acute toxicity bioassays in marine/estuarine/fresh waters. Guidance on available testing 

procedures (static, 10-d exposures) provided in ASTM (1994d,e) may be followed on all points that do 

not conflict with this manual. Infaunal amphipods are: 

• sensitive 

• readily available 

• as a group, tolerant of a wide range of grain sizes and laboratory exposure conditions 

• ecologically relevant to most dredged material disposal sites. 
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The identity of all species should be verified by experienced taxonomists, particularly for animals collected 

in the field. If the toxicity test animals are also to be used in estimating bioaccumulation potential, the 

factors discussed in Section 12.1.1 for species selection should also be considered. 

11.2.2 Laboratory Procedures 

General Test Procedures 

Acceptable water quality parameters during testing include but are not necessarily restricted to: 

• the correct temperature and pH range 

• adequate oxygen levels 

• proper lighting 

• the correct salinity range (near coastal and estuarine organisms) 

• the correct hardness range (fresh water organisms) 

• the absence of, or insignificant concentrations of, toxicants such as ammonia. 

Amphipod and other small organism tests are often, but not always, conducted in l L containers under 

static conditions (Appendix E). Static renewal or even flow-through methods such as those described by 

Redmond et al. (1989) or Benoit et al. (1993) may be required for certain tests or where static non

renewal conditions would result in unacceptable build-up of, for instance, ammonia and/or sulfides (see 

second and third paragraphs, Ammonia and Sulfide toxicity, this section). 

Before use, all glassware should be washed with detergent, rinsed with acetone, five times with tap water, 

placed in a clean 10% HCl acid bath for a minimum of 4 h, rinsed five times with tap water, and then 

thoroughly flushed with either distilled or deionized water. Equipment and facilities must provide 

acceptable lighting requirements and temperature control. An environmental incubator or a water-bath 

system that allows temperature control within ± l °C is recommended. 

Dilution water should not be stressful to the test organisms, and should be stable throughout the exposure 

period. Salinity for marine/estuarine organisms should be stable within ± 2%o and, for all organisms, 

temperature should be stable within ± 2°C throughout the exposure period. Dissolved oxygen 

concentration should not be allowed to fall below an absolute minimum of 40% saturation for warm 

water species and 60% for cold water species. The flow to the exposure chamber should be directed to 

achieve good mixing without disturbing the sediment on the bottom of the chamber. 
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A minimum of five replicate exposure chambers for the dredged material, reference, and control is 

recommended. The standard test duration is 10 d. 

The quantity of sediment needed depends on the size of the exposure chambers. The sediment should 

be deep enough to meet the biological needs of the test organisms, i.e., allow organisms to burrow in 

their normal position, etc. Overcrowding of organisms must be avoided. 

Prior to use in toxicity tests, sediments must be thoroughly homogenized. Very small amounts of clean 

diluent water may be added to facilitate mixing. If separation into liquid and solid phases occurs in 

posthomogenization storage, remixing will be required prior to usage. 

The reference and control sediments, as well as the dredged material being tested, may contain live 

organisms. If necessary, macrobenthic organisms can be removed by press-sieving the sediments through 

an appropriately sized screen immediately prior to testing. The material remaining on the screen should 

be noted and discarded. 

The experimental procedure described in ASTM (1994d) should be followed for preparing the exposure 

chambers for amphipod toxicity tests. For larger exposure chambers, sediment should be placed on the 

bottom of the exposure chamber and covered with clean diluent water; any sediment suspended during 

placement should be allowed to settle for 24 h before introducing the test organisms. In continuous-flow 

tests, the flow should be established after most of the suspended sediment has settled, usually 12 to 24 

h, but at least 1 h before introducing the test organisms. 

During the exposure period, daily records should be kept of obvious mortalities, emergence of infaunal 

organisms, formation of tubes or burrows, and any other or unusual behavior. Daily records of water 

quality (e.g., dissolved oxygen, salinity (if appropriate), ammonia, temperature, pH) should be maintained 

using test containers appropriate for this purpose. In flow-through or static-renewal systems, water quality 

may be kept within acceptable bounds by increasing the flow rate or frequency of water changes. 

After the exposure period, live organisms are removed to clean diluent water, which may include sieving 

the sediments, and then counted. If greater than acceptable mean mortality occurs in the control, as 

defined in the procedures for proper conduct of that test, the test must be repeated. Organisms which 

show any response to gentle probing of sensitive parts or gentle swirling of the water should be 

considered alive. Sediment dwellers (e.g., amphipods) not recovered at the end of the test have to be 

considered dead. If organisms from these toxicity tests are to be used in estimating bioaccumulation 

potential, the survivors are gently and rapidly counted and then treated as described in Section 12. 
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Ammonia and Sulfide Toxicity 

Whether ammonia is or is not a contaminant of concern depends on the disposal site. In order to identify 

elutriate or solid phase dredged material toxicity due to ammonia, it is essential to make routine 

measurements of ammonia on appropriate test fractions. These measurements are compared to water-only 

toxicity data for the same species used in the dredged material test (see Appendix F). The water-only 

toxicity data generated separately should be generated under conditions (e.g., pH, test length) reasonably 

similar to those in the test with the dredged material. If ammonia concentrations are too low to have 

potentially caused the observed toxicity in the dredged material sample, other contaminants are 

responsible for the toxicity. If ammonia concentrations are high enough to have caused the observed 

toxicity, toxicity identification evaluation (TIE) procedures should be used to confirm this suspicion. 

When there is no TIE confirmation that ammonia is responsible for sediment toxicity, it must be assumed 

that persistent contaminants other than ammonia are causing toxicity. Full details of procedures to 

identify ammonia as a toxicant in toxicity tests with dredged material are provided in Appendix F. 

Whenever chemical evidence of ammonia is present at toxicologically important levels, i.e. ammonia 

concentrations exceed the species-specific acceptability ranges shown below (or 20 mg/L for freshwater 

organisms), and ammonia is not a contaminant of concern at the disposal site, the laboratory analyst 

should set up one or more beakers explicitly for the purpose of measuring interstitial ammonia. Ammonia 

in the sediment interstitial water should be reduced to below the species-specific level shown below (or 

to below 20 mg/L for freshwater organisms) before adding the benthic test organisms. Ammonia 

concentrations in the interstitial water can be reduced by sufficiently aerating the sample at saturation 

and replacing two volumes of water per day. The analyst should measure interstitial ammonia each day 

until it reaches a concentration below the appropriate species-specific level (or ~20 mg/L for freshwater 

organisms). After placing the test organisms in the sediment, the analyst should ensure that ammonia 

concentrations remain within an acceptable range by conducting the toxicity test with continuous flow 

or volume replacement not to exceed two volumes per day. Peer-reviewed papers that deal with ammonia 

in sediments include: Dewitt et al. (1988), Scott and Redmond (1989), Burton (1991), EPA (1992, 1994c, 

1994d), Benoit et al. (1993), Ank.ley et al. (1991, 1992a, 1992c, 1994). 

General Acceptability Ranges for Ammonia in Marine and Estuarine Amphipod Sediment 

Toxicity Tests. 

Parameter Rhepoxynius Ampelisca Eohaustorius Leptocheirus 

Ammonia (total mg/L, pH 7.7) <30 <30 <60 <60 

Ammonia (unionized mg/L, pH 7.7) <0.4 <0.4 <0.8 <0.8 
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The chemistry and toxicology of sulfides is less well-understood than that of ammonia. However, sulfides 

are not likely to be a problem in most open-water situations, or in bioassays where adequate oxygen 

levels are maintained in the overlying water. 

11.2.3 ChronidSublethal Tests 

Chronic/sublethal responses to sediment are presently only available, in addition to the end-point of 

survival, for a very few toxicity tests, for example: the amphipods Hyalella azteca, Ampelisca abdita and 

Leptocheirus plumulosus; the midges Chironomus tentans and C. riparius; the oligochaetes Tubifex 

tubifex and Lumbriculus variegatus, and the polychaete Neanthes arenaceodentata. [Note: EPA has 

recently developed chronic sediment toxicity test methods for freshwater organisms ( C. tentans and H. 

azteca). EPA and USACE are jointly developing a chronic sediment toxicity test method manual for 

marine and estuarine organisms (L. plumulosus). These documents are currently under review and will 

be published as standard methods manuals.] Unlike acute toxicity tests, there is presently no consensus 

as to what level of chronic/sublethal effects (e.g., reduction of growth, reproduction, fecundity, survival 

of young) is cause for concern. Further, there is also no consensus as to when such effects would 

preclude disposal or would constitute unacceptable adverse effects requiring some type of management 

action. Hence, chronic/sublethal tests are not presently part of Tier III in this national manual. However, 

regional testing manuals may apply appropriate chronic/sublethal tests to sediments in advance of their 

inclusion in this national manual provided this is done with a benchmark species (e.g., C. tentans) or in 

addition to the benchmark testing. 

Guidance for conducting the above tests may be found in publications including Nebeker and Miller 

(1988), Nebeker et al. (1984), Johns and Ginn (1990), Johns et al. (1990), Ingersoll and Nelson (1990), 

Dillon et al. (1993), Phipps et al. (1993), McGee et al. (1993). Burton (1991) provides a comprehensive 

review of freshwater sediment toxicity tests. Survival and growth are the endpoints of all of these tests. 

In addition, some tests also measure reproductive end-points. 

Criteria for control acceptability for chronic/sublethal tests are specific to the test and organism. If 

control criteria are exceeded, the test must be repeated. 

11.2.4 Data Presentation and Analysis 

Data Presentation 
The data for each test species should be presented in separate tables that include the following 

information: 

• scientific name of the test species 
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• number of organisms in each treatment at the start of the test 

• number of organisms recovered alive and/or in normal health from each chamber at the end of 

the test (including positive and negative controls) 

• information regarding emergence, burrowing, tube building, behavioral abnormalities, growth, 

reproduction, and any other observations 

• water-quality data for each test chamber for each day. 

Data Analysis 
It is possible that neither mortality nor other effects will be observed in any of the treatments or that 

survival in the dredged material will be equal to or higher than survival in the reference or control 

sediments. In either of these situations, there is no need for statistical analysis and no indication of 

adverse effects due to the dredged material. Similarly, if survival is higher in test sediments than in the 

control, but lower than in the reference area, and control survival is at acceptable levels (i.e., 90% or 

greater survival), there is no need for statistical analysis and no indication of benthic toxicity due to the 

dredged material. However, if survival in the reference sediment is higher than in the dredged material 

treatments and exceeds the allowable percent difference between the two treatments, the data have to be 

analyzed statistically to determine whether there is a significant difference between the reference and 

dredged material. Statistical procedures recommended for analyzing benthic acute toxicity data are 

described in detail in Appendix D. Local guidance must be developed to interpret chronic/sublethal tests. 

11.2.5 Conclusions 

Guidance on the use of the results to reach a determination is provided in Section 6.2. 

11.3 Tier IV: Chronic/Sublethal Effects Evaluations 

At present, it is not appropriate to incorporate sediment chronic/sublethal effects testing in this national 

manual (see Sections 6.0 and 11.2.3). When standardized chronic effects tests are approved, they will 

be incorporated in Tier III. Until then, such non-standard tests should be used in Tier IV except where 

regional testing manuals apply such tests in advance of their inclusion in future revisions of this national 

manual, provided this is done with a benchmark species or in addition to the benchmark testing. 

11.4 Tier IV: Case Specific Evaluations 

Biological effects tests in Tier IV should be used only in situations that warrant special investigative 

procedures. They may include chronic/sublethal tests, field studies such as benthic infauna! studies (EPA, 

1992), experimental studies such as in situ toxicity tests or toxicity identification evaluation (Ankley et 
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al., 1992a), risk assessments and/or no effects levels for aquatic life. In such cases, test procedures have 

to be tailored for specific situations, and general guidance cannot be offered. Such studies have to be 

selected, designed, and evaluated as the need arises, with the assistance of administrative and scientific 

expertise from EPA and USACE, and other sources as appropriate. 
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12.0 GUIDANCE FOR PERFORMING BIOACCUMULATION TESTS 

Bioaccumulation is defined in relation to disposal activities in the Definitions section at the beginning of 

this manual. 

12.1 Tier III: Determination Of Bioavailability 

Bioavailability tests are designed to evaluate the potential of benthic organisms to bioaccumulate 

contaminants of concern from the proposed dredged material. Lee et al. (1989) and Boese and Lee (1992) 

discuss bioaccumulation methodology in detail and may be followed on any matter that does not conflict 

with this manual. Tier III bioavailability tests are based on analysis of tissues of organisms after 28 d of 

exposure (see Section 6.3). Although time series testing is a component of Tier IV bioaccumulation 

testing, it may also be appropriate in Tier III, for instance where K
0

w values are greater than 5.5 (see 

Section 12.2.1). 

12.1.1 Species Selection and Apparatus 

The selection of aquatic organisms for use in the determination of bioaccumulation will depend on their 

inability to metabolize some types of organic compounds, and their ability to survive exposure to the test 

sediments. Two species should be used in bioaccumulation testing where possible (Table 12-1), unless 

adequate regional data are available to justify single species testing. Test species should provide adequate 

biomass for chemical analysis, and preferably ingest sediments and survive in dredged material and control 

and reference sediments equally well (or where differences can be accounted for). The rationale for testing 

more than a single species is to cover the range of differing species contaminant accumulation and to be 

environmentally protective. Of the species tested, at least one must be a benchmark species; however, this 

does not preclude the use of more than one benchmark species. Non-benchmark species listed in Table 

12-1 can achieve benchmark status if a summary of test conditions and test acceptability criteria similar 

to the starred benchmark species are provided that meet the required species characteristics criteria. To 

be technically justified, species proposed for use regionally and not listed in Table 12-1 would also need 

to meet the species characteristics criteria and proponents should provide a summary of test conditions and 

test acceptability criteria except where species are to be tested in addition to the benchmark species. In 

this latter case, this information is desirable but not needed. 
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Table 12-1. Candidate Test Species for Determining Potential Bioaccumulation from Whole Sediment 
Tests. Details of testing procedures are provided in Appendix E; additional guidance is 
provided in EPA (l 994c,d). 

Polychaetes Bivalves 
Neanthes arenaceodentata* (N) 
Nereis virens* (N,E)a 
Arenicola marina (N) 

Macoma clam, Macoma nasuta*(N,E)a 
Y oldia clam, Yoldia limatula (N) 

Oligochaetes 
Crustaceans 

Diporeia sp. (F) 
Lumbriculus variegatus (F)* 

Insect Larvae 
Mayfly, Hexagenia limbata or sp. (F) 

Note: Examples are not presented in order of importance; however, the asterisks indicate recommended 
benchmark species. Other species may be designated in future as benchmark species by EPA and 
USACE when the data on their response to contaminants are adequate. Only benthic species 
should be tested. Although sediment ingesters are preferable, intimate contact with sediment is 
acceptable. 

Only tests which do not require feeding of the organisms are included. Feeding is a research issue; 
for the present, food is not to be added because it provides additional organic carbon and can alter 
contaminant partitioning during testing. 

For the purpose of this manual, related to the tolerances of the test animals, (F) = Freshwater, salinity :s:; 
1%0 (N) = Near Coastal, salinity ;::: 25%0 (E) = Estuarine, salinity 1-25%0. It is recognized that the 
commonly accepted salinity range for estuaries is 1-35%0 and near coastal water is usually greater than 
30%0 salinity. 

a Macoma nasuta and Nereis virens bioaccumulation tests are in the process of standardization by 
EPA; it is expected that these will, in future, be the primary benchmark species for near coastal 
waters. Further, these two species can be used in estuarine waters down to appropriate low levels 
of salinity (see Appendix E). 
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Apparatus to be used for testing is described in Section 11.2.2. Additional requirements for voiding gut 

contents are described in Section 12.1.2. Species characteristics to consider when designing bio

accumulation tests include, not in order of importance: 

• 
• 
• 
• 
• 

• 
• 

• 
• 

readily available year-round 

provide adequate biomass for analysis 

preferably ingest sediments 

preferably high in lipids 

survive in dredged material and control and reference sediments equally well, allowing adequate 

tissue for analysis 

tolerate handling and laboratory conditions 

related phylogenetically and/or by ecological requirements to species characteristic of the disposal 

site area in the season of the proposed discharge 

important ecologically, economically, and/or recreationally 

inefficient metabolizers of contaminants, particularly PAH . 

Regional scientists and regulatory personnel should be consulted for additional guidance. A minimum 

amount of tissue is required for analysis, otherwise it will be impossible to quantify the amount of 

contaminant present (Section 9.5.2). Examples of the amounts of tissue which may be required are 

provided in Table 8-2. However, the amounts shown are not set amounts; more or less may be required 

depending on the analytes, matrices, detection limits, and particular analytical laboratory. If the biological 

needs of the organisms or adequate voiding (e.g., clams) require the presence of sediment, uncontaminated 

sand should be used (Section 12.1.2). Data in the form of "concentration below detection limits" are not 

quantitative; definitive concentration measurements are the goal, where such are possible within reasonable 

method and target detection limits. 

12.1.2 Experimental Conditions 

Test conditions are similar but not identical to those described in Section 11.2.2 for whole sediment 

toxicity tests. Overlying water renewal may be required to maintain adequate water quality. Food or 

additional sediment should not be provided during the test. Control animals should be sampled and 

archived at both the beginning and the end of testing. If discrepancies are found during data analysis, the 

archived samples can be analyzed to possibly resolve any problem(s). Due care should be taken not to 

exceed species-specific biomass loadings (overcrowding; APHA, 1989). 
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Digestive tracts of the animals should be emptied or removed immediately after termination of the 

exposure period. Sediment in digestive tracts may contain inert constituents and the contaminants of 

concern in forms which are not biologically available but which may be incorrectly identified as such 

during chemical analysis (e.g., see Lobel et al., 1991). 

If the animals are large enough to make it practical, the best procedure is to excise the digestive tract. 

However, test organisms are seldom large enough to allow this, and most organisms have to be allowed 

to void the material, in separate aquaria in clean, sediment-free water. Some organisms will pass material 

through the digestive tract only if more material is ingested. These animals have to be purged in aquaria 

with clean sand. Animals are not fed during the purging period. Fecal material is siphoned from the 

aquaria twice during the 24-h purging period. To minimize the possibility of loss of contaminants from 

tissues, purging for longer periods is not recommended. Shells or exoskeletons which generally contain 

low levels of contaminants are, where possible, removed and not included in the analysis as their weight 

would give an artificially low indication of bioavailability. 

An initial time-zero of each sample is collected for tissue analysis. Tissue contaminant concentrations in 

control animals must be determined to ensure that background levels are not inordinate. Although 

procedures for Tier III and IV laboratory bioaccumulation tests have been discussed separately, it may be 

possible to combine these procedures in practice. This can be done by following the steady state (Tier IV) 

bioaccumulation procedure which involves sequential time-series analyses, but initially analyzing only the 

28 d sample and freezing the other samples. If these data, as part of the Tier III bioavailability evaluation, 

do not allow a determination to be made, then the remaining time series samples may be analyzed and 

used in the Tier IV steady-state bioaccumulation evaluation. 

12.1.3 Chemical Analysis 

Chemical analysis will involve some or all of the contaminants identified in Sections 4.2 and 9.5.1. 

Analytical procedures are provided in Section 9.5.2. 

12.1.4 Data Presentation and Analysis 

Data Presentation 

Data should be presented in tabular format, listing tissue concentration of each contaminant, by organism 

and by sediment type (e.g., dredged and reference). Similar information to that detailed in Section 11.2.4 
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should be provided. Although bioaccumulation species/tests cannot be used to determine toxicity 

requirements, any mortalities which occur during bioaccumulation testing must be documented. 

Data Analysis 

Contaminant tissue concentrations in test organisms are statistically compared to the FDA Action Levels 

(Table 6-1) (refer to Figure 3-3). These tissue concentrations are also statistically compared with 

reference organism concentrations (Appendix D). In some cases, tissue concentrations in organisms 

exposed to one or more of the dredged-material samples may be less than or equal to reference organism 

concentrations. Providing the reference data are appropriate, this result indicates that bioavailability of 

the contaminants of concern in the dredged material is not greater than in the reference area sediment. 

The sample of organisms archived at the initiation of the exposure can be useful in interpreting results. 

It can add perspective to the magnitude of uptake during the exposure period. In some cases, elevated 

body burdens may not be due to the dredged material or reference sediment, but may have been already 

present in the organisms at the start of the test. 

12.1.5 Conclusions 

Guidance on reaching a determination is provided in Section 6.3. 

12.2 Tier IV: Determination Of Steady State Bioaccumulation 

Tier IV bioaccumulation evaluation, if necessary, provides for determination, either by laboratory testing 

(ASTM, 1984) or by collection of field samples, of the steady state concentrations of contaminants in 

organisms exposed to the dredged material as compared with organisms exposed to the reference site 

material. Testing options include longer laboratory exposures (not discussed), collection of organisms 

living in the material to be dredged and at the reference site for body burden determinations (Section 

12.2.2) or in situ exposures using transplanted organisms, for instance caged mussels (not discussed). Tier 

IV determinations follow the guidance in Section 7 .2. 

12.2.1 Laboratory Testing 

The necessary species, apparatus and test conditions for laboratory testing are those for Tier III 

bioaccumulation testing (see Sections 12. l.1 and 12.1.2). Tissue samples taken at different times during 
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the exposure period provide the basis for determining the rate of uptake and elimination of contaminants. 

From these rate data, the steady state concentration of contaminants in the tissues can be calculated, even 

though the steady state might not have been reached during the actual exposure. For the purposes of this 

test, steady state is defined as the concentration of contaminant that would occur in tissue after constant 

exposure conditions. 

An initial time-zero sample of each species is collected for tissue analysis. Additional tissue samples are 

collected from each of the five replicate reference and dredged-material exposure chambers at intervals 

of, for instance, 2, 4, 7, 10, 18, and 28 d. It is critical that enough tissue is available to allow for interval 

body burden analyses at the specified detection limits. 

Complete tissue concentration data should be presented in tabular format. Recommended statistical 

methods for fitting a curve to determine steady-state tissue concentration are provided in Appendix D. 

The statistical procedures use an iterative curve-fitting process to determine the key variables (k1 c. the 

uptake rate-constant times the contaminant concentration in the sediment, and k2 the depuration rate con

stant). An initial value for c. has to be supplied. When the sediment concentration of the contaminant 

of concern is used, the ratio of k/k2 is the sediment bioaccumulation factor (BAF) (Lake et al., 1987; 

Rubinstein et al., 1987), the ratio of steady-state tissue concentration to sediment concentration. 

A determination is made based on the magnitude of bioaccumulation from the dredged material, its 

comparison with the available FDA levels, steady-state bioaccumulation from the reference sediment, and 

the body burden of reference organisms. Guidance for making determinations based on these comparisons 

is provided in Section 7 .2 and can include risk assessment and no effects levels for aquatic life. 

Guidance on quality assurance/quality control (QA/QC) considerations for bioaccumulation testing are 

provided in Appendix G.3.17 and EPA (1995). 

12.2.2 Field Assessment of Steady State Bioaccumulation 

Field sampling programs obviate difficulties related to quantitatively considering field-exposure conditions 

in the interpretation of test results, since the animals are exposed to the conditions of mixing and sediment 

transport actually occurring at the disposal site. Difficulties related to the time required to conduct labora

tory bioaccumulation studies are also overcome if organisms already living at the disposal site are used 

for field bioaccumulation studies. This approach is technically valid for predictive purposes only where 

there is a true historical precedent for the proposed operation being evaluated. That is, a field assessment 

can be used only where the quality of the sediment to be dredged can be shown not to have deteriorated 
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or become more contaminated since the last dredging and disposal operation. In addition, disposal has to 

be proposed for the site at which the dredged material in question has been previously disposed or for a 

site of similar sediment type supporting a similar biological community. This approach is generally not 

appropriate for multi-user disposal sites. Knowledge of the contaminant body burden of the organisms 

living around the proposed disposal site is used in evaluating bioaccumulation results in Tier IV (Section 

7.2). 

12.2.2.1 Apparatus 

Major items required include: 

• a vessel capable of operating at the disposal site and equipped to handle benthic sampling devices; 

navigation equipment has to allow precise positioning 

• sampling devices such as a box corer, Smith-Macintyre, Van Veen, Petersen, Ponar, Ekman or 

other benthic grab 

• stainless steel screens to remove animals from the sediment 

• tanks for transporting the animals to the laboratory in collection site water 

• laboratory facilities for holding the animals prior to analysis 

• chemical and analytical facilities as required for the desired analyses. 

12.2.2.2 Species Selection 

The species selected for analysis have to be present in sufficient numbers for adequate sample collection 

at all stations and to provide sufficient tissue for analysis (see Section 12.1.1). The same species must be 

collected at all stations because bioaccumulation cannot be compared across species lines. If these 

conditions cannot be met, the field assessment approach cannot be implemented. 

If possible, several samples of sufficient size for analysis should be collected at each station to provide 

a statistical estimate of variability in tissue contaminant content. Collection of more than one sample per 

station, however, may prove impractical if a composite of many small organisms has to be used or if 

suitable organisms are not abundant at the disposal site. 

To minimize the numbers and collection effort required, it is desirable to select the largest appropriate 

species. However, highly mobile epifauna (such as crustaceans, certain molluscs, and fish) should not 

be used, because a relationship cannot be established between their location when collected and their 
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body burden at the time of collection. Therefore, relatively large, immobile species are the most desirable 

organisms. However, analyses should not be conducted on single organisms as the objective is to obtain 

representative data for the entire population of organisms. Any relatively immobile species collectable 

in sufficient numbers at all stations may be used, but the required collection effort increases sharply as 

organism size decreases. 

As discussed previously, if PAH are contaminants of concern, it is essential that bioaccumulation studies 

include one or more species with very low ability to metabolize PAH. Bivalve molluscs and oligochaetes 

are widely accepted as meeting this requirement. 

12.2.2.3 Sampling Design and Conduct 

Sufficient tissue to obtain definitive body burden data has to be collected using the same species from 

each of at least three stations within the disposal site boundaries and from an acceptable reference site. 

It is mandatory that several stations be sampled, rather than collecting all of the animals at one station, 

in order to provide a measure of the variability that exists in tissue concentrations in the animals in the 

area. Samples from all stations should be collected on the same day if possible. 

12.2.2.4 Basis for Evaluation of Bioaccumulation 

Evaluations are made by comparison to contaminant concentrations in field organisms living around, but 

not affected by, the disposal site, similar to the reference area approach (Section 3.1). In this case, 

reference data involve at least three stations located in an uncontaminated material sedimentologically 

similar to that within the disposal site, in a direction perpendicular to (i.e., not in the direction of) the 

net bottom transport. If the direction of net bottom transport is not known, at least six stations 

surrounding the disposal site should be established in sediments sedimentologically similar to those 

within the disposal site. 

12.2.2.5 Sample Collection and Handling 

Repeated collections should be made at the same location until an adequate tissue volume is obtained. 

Gently wash the sediment obtained by the sampler through 1-mm mesh stainless-steel screens, and place 

the retained organisms of the desired species in holding tanks. 
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Label the samples clearly and return the organisms to the laboratory, being careful to keep them 

separated and to maintain nonstressful levels of temperature and dissolved oxygen. In the laboratory, 

maintain them in clean water in separate containers. Do not place any sediment in the containers and do 

not feed the organisms. Immediately discard any organisms that die. Remove sediment from the digestive 

tracts of the organisms and, as possible, shells or exoskeletons (Section 12.1.2). 

12.2.2.6 Chemical Analysis 

Chemical analysis will involve some or all of the contaminants identified in Sections 4.2 and 9.5.1. 

Analytical procedures are provided in Section 9.5.2. 

12.2.2.7 Data Presentation and Analysis 

Complete tissue concentration data for all samples should be presented in tabular format as previously 

described. Since Tier IV testing will generally use non-standard methods and approaches, complete 

documentation is critical. Recommended statistical methods presented in Appendix D may not include 

all data analyses necessary for all Tier IV tests. 

12.2.2.8 Conclusions 

A determination is made based on the magnitude of bioaccumulation in organisms collected within the 

boundaries of the reference site, compared with bioaccumulation in organisms living within the area to 

be dredged. Guidance for making a determination based on these comparisons is provided in Section 7.2. 
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Preface 

This manual, the Evaluation of Dredged Material Proposed for Disposal at 
Island, Nearshore, or Upland Confined Disposal Facilities - Testing Manual, 
commonly referred to as the Upland Testing Manual or UTM, is a resource 
document providing technical guidance for evaluation of potential contaminant 
migration pathways from confined disposal facilities (CDFs). 

The UTM provides the best available technical guidance regarding how 
dredged material proposed for placement in CDFs should be evaluated and/or 
tested. The UTM is intended solely as guidance and does not alter the statutory 
and regulatory framework for permitting decisions under applicable laws or 
regulations. The UTM is not intended, nor can it be relied upon, to create rights 
or obligations enforceable by any party. The UTM does not, and is not intended 
to impose legally binding requirements on Federal agencies, States, or the 
regulated community. 

The U.S. Army Corps of Engineers (USACE) and the Environmental 
Protection Agency (EPA) have jointly developed a series of guidance documents 
pertaining to dredged material management. This series includes a document 
entitled "Evaluating Environmental Effects of Dredged Material 
Management Alternatives - A Technical Framework" (Technical Framework 
- EPA/CE 1992). 1 The Technical Framework provides guidance for evaluation 
and selection of alternatives for the full range of management options to include 
open water placement, CDF placement, and beneficial use applications. The 
UTM was developed by the USACE to be consistent with and support the 
Technical Framework by providing detailed procedures for assessment of 
contaminant-related impacts for placement of contaminated sediments in CDFs. 

The UTM was developed under the Dredging Operations Technical Support 
(DOTS) Program and Center for Contaminated Sediments at the USA CE 
Enviromnental Laboratory (EL), Engineer Research and Development Center 
(ERDC), Vicksburg, MS. The procedures in the UTM are based on extensive 
research and field experience gained by USACE. The contributions made by 
many individuals in developing this manual are gratefully acknowledged. The 
initial drafts of the manual were completed by a workgroup consisting of 
Dr. Michael R. Palermo and Dr. Robert M. Engler, ERDC, EL; Dr. Richard K. 
Peddicord, Dick Peddicord & Company, Inc.; and Dr. Thomas Wright, 

1 Reference infom1ation located at end of Chapter 1. 
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independent consultant. Primary chapter authors were: Drs. Palermo and 
Peddicord and Mr. Joseph R. Wilson, Headquarters, USACE, Chapter l; 
Drs. Peddicord and Wright, Chapters 2 and 3; Dr. Palermo, Chapter 4 and 
Appendix B; Mr. Richard A. Price, ERDC, EL, Chapter 5 and Appendix C; 
Dr. Paul Schroeder, Dr. Tommy Myers, and Dr. Jim Brannon, ERDC, Chapter 6 
and Appendix D; Dr. Schroeder, Appendix E; Ms. Cindy Price, ERDC EL, and 
Dr. Schroeder, Chapter 7 and Appendix F; Dr. John Simmers, ERDC, EL, and 
Dr. Peddicord, Chapter 8 and Appendix G; Mr. Price and Dr. Peddicord, 
Chapter 9 and Appendix H; Drs. Palenno and Schroeder, Chapter 10 and 
Appendices I and K; and Ms. Joan Clarke, ERDC, EL, Appendix J. All authors 
contributed to Appendix A. 

Review of this manual was conducted by individuals with technical and/or 
programmatic experience related to dredged material management from 
Headquarters, USACE, field offices and research laboratories; the EPA Office of 
Water; and the EPA Office of Emergency and Remedial Response. Appreciation 
is expressed to Mr. Wilson, Headquarters, USACE, Mr. Norman R. Francingues, 
ERDC; Mr.Rob Hauch, USAE District, Galveston; and Mr. Steve Calver, USAE 
District, Savannah, for their input and comments. 

Updates and revisions to the UTM will be made as additional research is 
completed and field experience is gained. Users are encouraged to obtain the 
most recent version of the manual, maintained on the USA CE DOTS website at 
www.wes.army.mil/el/dots. 

This manual should be cited as follows: 

U.S. Anny Corps of Engineers. 2003. "Evaluation of dredged material 
proposed for disposal at island, nearshore, or upland confined disposal 
facilities - Testing Manual," Technical Report ERDC/EL TR-03-1, U.S. 
Army Engineer Research and Development Center, Vicksburg, MS. 

The contents of this report are not to be used for advertising, publicatioll, 
or promotiollal pwposes. Citation of trade names does not constitute an 
official endorsement or approval of the use of such commercial products. 
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1 Introduction 

1.1 Background 

This manual, "Evaluation of Dredged Material Proposed for Disposal at 
Island, Nearshore, or Upland Confined Disposal Facilities - Testing Manual," 
commonly referred to as the Upland Testing Manual or UTM, is a resource 
document providing technical guidance for evaluation of potential contaminant 
migration pathways from confined disposal facilities (CDFs). 1 

A CDP is an engineered structure consisting of dikes or other structures that 
extend above any adjacent water surface and enclose a disposal area for 
containment of dredged material, isolating the dredged material from adjacent 
waters or land (USACE/EPA 1992).2 Approximately 300 million cubic yards of 
material is dredged annually in the United States to maintain navigation, but only 
5 to 10 percent of that total volume is deemed unsuitable for conventional open 
water disposal because of potential contaminant impacts. Disposal of dredged 
material in CDFs is one of the most commonly considered alternatives for such 
material. CDFs are also an option commonly considered for disposal of 
contaminated sediments dredged for purposes of sediment remediation, either as 
temporary rehandling sites or for final disposal. CDFs are also used for disposal 
of clean sediments where other options are too costly or present additional 
environmental problems. From a technical standpoint, the procedures in this 
manual are equally applicable to both navigation dredging (or dredging activities 
of essentially the same character as navigation dredging, such as dredging soft
bottom flood control channels or reservoirs) and contaminated sediment 
remediation projects. 

If contaminated sediments are placed in a CDP, consideration of pathways for 
migration of contaminants from the site and potential contaminant impacts may be 
required. A suite of evaluation procedures and laboratory test procedures has 
been developed to evaluate CDP contaminant pathways. These procedures are 
presented in detail in this manual. Some of these procedures and tests have been 
field verified and are now in general use, while others are newly developed and 
field verification is underway or planned. 

1 A glossary oftenns related to CDFs is provided in Appendix A. 
2 References for this manual are listed at the end of each chapter. 
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Figure 1-1 illustrates the various categories ofCDFs. CDFs may be 
constructed as upland sites, nearshore sites with part of the perimeter on shore and 
part in water, or as island containment areas. CDFs also vary considerably in size, 
dike type, and method of filling. The isolation of the dredged material from 
adjacent waters and land during and following disposal distinguishes a CDF from 
other forms of disposal such as unconfined upland, open water, wetland, or 
contained aquatic disposal (CAD), which is a fonn of subaqueous confinement 
with capping. 

UPLAND 
a , • ~ i • m p ~ 4 

'II : ( ~ ..... ,.": { .... 6 • < 

~ 4 ~ t l '" .. ' t I , , 

ISLAND 

• -h ~ • r I 

...... ~ ~ : .. .... .. 

Figure 1-1. Schematic of upland, nearshore, and island CDFs (after USAGE/EPA 
1992) 

A totally upland CDF would allow for all dredged material fill to be placed 
above the water table. Over time, the material in an upland site will dry and 
exhibit terrestrial conditions. CDFs constructed in water may become upland sites 
once the fill reaches elevations above the mean high water elevation. A true 
nearshore site will take advantage of the shoreline as a part of the containment 
structure for the site, with in-water dikes or other containment structures required 
only for the outer walls of the total enclosure. Island CDFs are similar to 
nearshore CDFs, except that they are constructed totally in water with no direct 
physical connection to the shore. 

Dredged material in CDFs in any of the three types oflocations (upland, 
nearshore, and island) may constitute any of three types of habitats (aquatic, 
wetland, and terrestrial). The resulting biogeochemical conditions determine 
potential contaminant activity and receptors potentially at risk, and therefore, the 
appropriate evaluative procedures. 

Habitat 
Types Biogeochemical Conditions 

Upland, Nearshore, and Aquatic - Dredged material remains water-saturated, reduced, 
Island and anoxic 

- Receptors are aquatic organisms and their predators 

Wetland - Dredged material remains water-saturated, reduced, 
and anoxic 
- Receptors are wetland organisms and their predators 

Terrestrial - Dredged material dries and oxidizes over time 
- Receptors are terrestrial organisms and their predators 
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Any of the three habitat types may occur in CDFs in any of the three types of 
locations. A particular CDF may evolve through a succession of habitat types 
during its life. As sites are filled, aquatic habitat may be replaced by wetland and 
then terrestrial habitat. At any point in time, the portions of a single CDF near the 
inflow point may exhibit terrestrial habitat characteristics, which may shift to 
wetland habitat and then to aquatic habitat near the weir. 

CDFs are not solid waste landfills. They are designed and constructed 
specifically for disposal of dredged sediment and are designed for the unique 
properties of sediments, such as high water content and return flow of excess 
water as effluent to surface waters. However, if needed, CDFs can be designed 
with control measures, such as liners or surface covers, to provide containment 
equivalent to that of an engineered landfill. 

1.2 Purpose and Scope 

The purpose of the UTM is to provide technical guidance for evaluation, 
where appropriate, of potential contaminant migration pathways for proposed 
disposal of dredged material in CDFs. Procedures in the UTM will: 

1. Determine potential contaminant releases and contaminant-related 
environmental effects from CDFs. 

2. Determine whether pathway-specific contaminant controls or 
management actions are necessary for the proposed CDF to avoid 
unacceptable adverse effects outside the site. 

This manual is intended as a resource of technical guidance for use by U.S. 
Army Corps of Engineers (USACE), Federal, and State regulatory and resource 
agencies, dredging permit applicants, and others (e.g., scientists and engineers, 
managers, and other involved or concerned individuals). It is intended to facilitate 
decision-making with regard to the management of dredged material. Because 
this manual is national in scope, the guidance provided is generic and may be 
applied within various regulatory settings. Application of this guidance in some 
site-specific situations will require best professional judgement, appropriately 
documented. Users of the UTM are strongly encouraged to consult with their 
appropriate USACE District experts for additional guidance. 

1.3 CDF Contaminant Pathways 

Contaminant migration pathways (hereinafter referred to as pathways) are 
routes by which contaminants or constituents of concern (COCs) associated with 
dredged material may move from the dredged material within the site into the 
environment outside the site. 

The possible pathways from an upland CDF are illustrated in Figure 1-2. 
These pathways are: 
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1. Effluent discharges to surface water during filling operations and 
subsequent settling and dewatering. 

2. Precipitation surface runoff. 

3. Leachate into groundwater. 

4. Volatilization to the atmosphere. 

5. Direct uptake by plants and animals living on the dredged material and 
subsequent cycling through food webs. For evaluation in the UTM, the 
direct uptake pathway is subdivided into animal bioaccumulation and 
plant bioaccumulation. 

Figure 1-2. Schematic of contaminant migration pathways for upland CDFs 

Effects on surface water quality, groundwater quality, air quality, plants, and 
animals depend on the characteristics of the dredged material, management, and 
operation of the site during and after filling, and the proximity of the CDF to 
potential receptors of the contaminants. 

Pathways for a nearshore CDF are illustrated in Figure 1-3 and include a 
number of the pathways that are considered for upland CDFs. However, the 
relative importance of pathways for a nearshore CDF differs from an upland CDF. 
A primary advantage of the nearshore CDF is that contaminated dredged material 
may remain within the saturated zone so that anaerobic conditions prevail and 
contaminant mobility is minimized. A disadvantage is water level fluctuation via 
water level changes or other mechanisms, which cause a pumping action through 
the exterior dikes, which are generally constructed of permeable material. The 
pumping action may result in soluble convection through the dike in the partially 
saturated zone and soluble diffusion from the saturated zone through the dike. 

Pathways for island CDFs would be similar to nearshore sites. That portion 
of a nearshore or island CDF raised to above the mean high water elevation will 
essentially function as an upland CDF. 
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Figure 1-3. Schematic of contaminant migration pathways for nearshore CDFs 

1.4 Applicability 

1.4.1 Disposal in CDFs 

The UTM provides methods for assessment, where appropriate, of potential 
effects of proposed disposal of dredged material in upland, nearshore, and island 
CDFs. It uses physical, chemical, and biological analyses as necessary to provide 
effects-based conclusions within a tiered framework regarding potential 
contaminant-related impacts outside the CDF associated with the five potential 
pathways (USACE/EPA 1992): effluent, precipitation runoff: leachate and 
seepage, volatilization, and direct uptake by wetland and terrestrial plants and 
animals. 

1.4.2 This Manual Does Not Address 

• Impacts at the dredging site associated with the dredging activity itself. 

• Physical impacts related to construction of the CDF and the disposal of 
dredged material. 

• Impacts associated with material excavated from drainage ditches and 
land clearing activities. 

• Impacts associated with the discharge of fill material. 

• Submerged confined disposal, such as CAD, disposal in CAD pits, 
capping, or other disposal activities in the aquatic environment. 

• Any unconfined disposal (e.g., beach nourishment), whether on land, in 
wetlands, nearshore, or in water. 

• Microbiological impacts unless there may be human health concerns. 
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• Impacts associated with beneficial site use or beneficial use of dredged 
material removed from CDFs. 1 

1.4.3 Relationship to Other Dredged Material Management Efforts 

The USA CE and EPA have long recognized the need for a consistent 
technical framework for decision-making regarding alternatives for dredged 
material management (Engler et al. 1988; Francingues et al. 1985; Wright and 
Saunders 1990). The UTM was developed by the USACE to supplement a series 
of guidance documents developed by EPA and the USA CE in response to that 
recognition. The complete set of guidance documents consists of: 

• "Evaluating Environmental Effects of Dredged Material Management 
Alternatives -A Technical Framework" (USACE/EPA 1992), commonly 
referred to as the Technical Framework. The Technical Framework 
articulates those factors (including the potential for and degree of 
contaminant-related impacts) to be considered in identifying the 
environmental effects of dredged material management alternatives on a 
continuum from uplands to oceans, and which meet the substantive and 
procedural requirements of applicable laws and regulations. The UTM 
and the testing manuals for open water disposal alternatives described 
below are all consistent with and support the Technical Framework by 
providing detailed procedures for assessment of contaminant-related 
impacts. 

• "Evaluation of Dredged Material Proposed for Ocean Disposal - Testing 
Manual" (EPA/USACE 1991), commonly referred to as the "Green 
Book," Ocean Testing Manual, or OTM. Dredged material transported 
for purposes of disposal in the ocean is regulated under the Marine 
Protection, Research and Sanctuaries Act (MPRSA), commonly referred 
to as the Ocean Dumping Act. The OTM contains guidance for the 
evaluation of potential contaminant-related environmental impacts of the 
ocean disposal of dredged material (regulated under Section 103 of the 
MPRSA) through chemical, physical, and biological evaluations. The 
OTM procedures evaluate the suitability of dredged material for disposal 
at ocean sites, focusing on potential contaminant-related water column 
and benthic effects. 

• "Evaluation of Dredged Material Proposed for Discharge in Waters of the 
U.S. -Testing Manual" (EPA/USACE 1998), commonly referred to as 
the Inland Testing Manual (ITM). Dredged material placed in waters of 

1 The procedures in the UTM are aimed at evaluation of CDFs as disposal options for 
dredged material. It is recognized that various natural habitats will often become 
established on inactive CDFs. Other CDFs may be intentionally managed to provide or 
encourage certain beneficial site uses or beneficial use of the dredged material, along with 
their primary function as disposal options for dredged material. Even though the 
approach and procedures in the UTM are not structured to evaluate specific beneficial site 
uses, they may be applicable for such evaluations within other frameworks for evaluation 
of beneficial site use. 
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the U.S. is regulated under the Clean Water Act (CWA). The ITM 
contains guidance for determining the potential for contaminant-related 
impacts associated with the discharge of dredged material in waters of the 
United States (nearshore, estuarine, riverine, and lake waters) through 
chemical, physical, and biological evaluations. The ITM provides 
detailed procedures for evaluating the suitability of dredged material for 
open water disposal, focusing, in a manner similar to the OTM, on 
potential contaminant-related water column and benthic effects. 

• "Evaluation of Dredged Material Proposed for Disposal at Island, 
Nearshore, or Upland Confined Disposal Facilities - Testing Manual" 
(this document), commonly referred to as the Upland Testing Manual or 
UTM. The UTM supplements the Technical Framework document by 
providing more detailed procedures for evaluation of contaminant-related 
impacts related to CDF pathways. 

The Technical Framework and supporting manuals such as the OTM, ITM, 
and UTM provide guidance for thorough evaluation of potential contaminant
related impacts of major dredged material management options. 

1.5 Organization and Approach for Evaluations 

The UTM is organized into 10 chapters and a number of appendices. 

Chapter 1 (this chapter) provides the background related to evaluation of 
effects outside a CDF of contaminants associated with dredged material during 
and after disposal; the purpose, scope, and approach for the evaluations; and a 
discussion of regulatory considerations for disposal of dredged material in CDFs. 

Chapter 2 provides general considerations common to evaluation of all the 
contaminant pathways. These include fundamentals of the evaluation and testing 
process and the tiered approach for testing and evaluations used throughout the 
manual. The tiered approach for each pathway is consistent. Tier I is concerned 
with initial evaluations of existing information common to each pathway. Tiers II 
and III generate site-specific information relevant to the CDF and dredged 
material being evaluated. Tier IV is concerned with risk assessment for the 
pathways of concern. While this manual does not include detailed guidance for 
conducting risk assessments, it is important to note that all the testing and 
evaluation approaches in the earlier tiers are risk-based, and the results directly 
support the conduct of a formal risk assessment if necessary. 

Chapter 3 describes the Initial Evaluations common to all pathways conducted 
under Tier I. These include consideration of the need for evaluations, evaluation 
of existing project information to include prior evaluations and testing, 
identification of pathways of concern, and identification of contaminants of 
concern. 

Each pathway of concern requires a separate evaluation, each with its own 
tiered approach. Therefore, Chapters 4 through 9 are similarly structured chapters 

Chapter 1 Introduction 

ED_013073_00000029-00025 

1-7 



1-8 

describing the evaluations for the five contaminant migration pathways. These 
chapters describe the rationale and sequence of chemical and biological 
evaluations and tests under the tiered approach. Chapter l 0 introduces 
contaminant controls and management actions that may be considered for each 
pathway. Each of the chapters is supported by appendices that provide the detailed 
systematic procedures for specific tests or evaluations. 

1.6 Statutory and Regulatory Overview 

The sections that follow provide an overview of the laws and regulations 
governing disposal of dredged material in CDFs. As with the evolution of the 
testing protocols for CDFs, the regulatory scheme has also evolved with the 
passage of legislation going back to the National Environmental Policy Act 
(NEPA) of 1969 and subsequent regulations and the development of the 
Technical Framework for evaluation of dredged material disposal alternatives 
(USACE/EPA 1992). Inasmuch as some of the polices are continuing to evolve, 
this regulatory overview sets forth the USACE approach for ensuring that 
appropriate regulatory practices are followed for disposal of dredged material in 
CDFs. Importantly, the goal is and will continue to be to ensure that consistent, 
predictable, and reliable regulatory practices are employed when dredged material 
is proposed for disposal in CDFs. 

Disposal of dredged material in inland, near-coastal, and ocean waters has a 
clear regulatory basis. The discharge of dredged material into waters of the 
United States is regulated under the Clean Water Act. Waters of the United States 
subject to the Clean Water Act are defined in 33 CFR Part 328 and 40 CFR 
230.3(s) and are made up of waters inland of: and including, the territorial sea. 
The ITM referenced in Section 1.4.3 was specifically developed to evaluate 
proposed discharges of dredged material into waters of the United States (waters 
regulated under CWA Section 404). The CWA states that any "discharge of 
dredged or fill material into the navigable waters" would be regulated. 

The MPRSA, also called the Ocean Dumping Act, regulates the transportation 
of dredged material for the purpose of disposal into ocean waters. Ocean waters 
subject to the MPRSA are made up of the territorial sea and the waters lying 
seaward. While the CW A governs inland and near-coastal waters and the 
MPRSA applies to the open ocean, they share jurisdiction in the territorial sea 
(measured from the baseline, usually the mean low water mark, out 3 miles). In 
general, dredged material disposed of in the territorial sea is evaluated under the 
MP RSA, and material discharged for the purpose of fill (e.g., island creation, 
underwater berms, beach nourishment, and some beneficial use applications) is 
evaluated under the Clean Water Act. The CWA also includes discharges at 
CDFs that have a return flow to waters of the United States. 

The regulatory path for disposal of dredged material in CDF s is not as clear. 
However, both the CW A and NEPA provide strong mandates for USA CE 
regulation of placement in CDFs. The discharge ofretum flow (effluent and 
surface runoff) to waters of the United States is specifically defined as a dredged 
material discharge under the CW A (Section 1.6. l ). Under NEPA, the USA CE 
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must evaluate direct, indirect, and cumulative impacts associated with an action 
that may significantly affect the environment (Section 1. 6.1 ); therefore the 
USACE must evaluate the potential environmental impacts associated with all 
aspects of CDFs to include potential releases of contaminants from all pathways. 

Coupled with regulatory application is determining which, if any, permitting 
regimes apply to the various contaminant pathways. A purpose of the discussions 
in this section is to clarify how the USACE intends to apply the regulatory 
regimes to the five contaminant pathways under the jurisdiction of the various 
statutes when dredged material is proposed for disposal in CDFs. 

1.6.1 Statutory Overview 

National Environmental Policy Act (NEPA). NEPA and its implementing 
regulations (at 40 CPR 1500-1508) is the basic national charter for protecting the 
environment. Assessing the short- and long-term effects of proposed Federal 
actions (e.g., proposals, permits, and legislation) is among NEPA's many 
requirements. Section 1502.16 requires an assessment of the "(a) Direct effects 
and their significance" and the "(b) Indirect effects and their significance." 
Importantly, Section 1508.8 requires an evaluation of the "Indirect effects, which 
are caused by the action and are later in time or farther removed in distance, but 
are still reasonably foreseeable." Furthermore, Section 1508.25 requires that 
cumulative impacts, along with direct and indirect impacts, shall be considered in 
environmental impact assessments. Cumulative impact (Section 1508. 7) "is the 
impact on the environment which results from the incremental impact of the 
action when added to other past, present, and reasonably foreseeable future 
actions regardless of what agency (Federal of non-Federal) or person undertakes 
such other actions." When placing dredged material in CDFs, the USACE and 
applicants for USACE permits are bound to the fundamental principle that 
ensures those discharges into the CDF itself are adequately evaluated and adverse 
impacts managed. While NEPA does not require permits, it does, through the 
Council on Environmental Quality regulations, require that potential adverse 
environmental impacts are evaluated and managed (See 40 CPR 1500.2(e) and 
(f), 1502.16, 1505.3 and 1508.8). 

Clean Water Act (CWA). The CWA, specifically Section 404 (b)(l), 
requires the development and application of environmental guidelines covering a 
broad range of effects to human health and ecological systems. The 404(b )( 1) 
Guidelines (referred to here as the "Guidelines") are at 40 CPR 230 and contain a 
number of evaluation provisions applicable when proposing dredged material 
disposal in CDFs. Section 230.1 O(b)(l) prohibits the disposal of dredged material 
that might violate applicable water quality standards, after consideration of 
disposal site dilution and dispersion. This provision is aimed at the effluent or 
runoff discharges from the CDF. That same section requires consideration of 
"effects on municipal water supplies" and is reinforced at Section 230.50. This 
section specifically addresses municipal and private water supplies including 
groundwater, which is a potential concern for the CDP leachate pathway. Section 
230.11 (h) requires consideration of a broad range of secondary effects from 
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proposed dredged material discharges. Pathways from a CDF such as plant or 
animal uptake could be considered secondary effects under this section. 

Other sections of the Guidelines address methods to minimize adverse effects 
at CDFs, such as the use of chemical flocculants to enhance deposition of 
suspended particulates, or treatment to neutralize contaminants. Other actions at 
CDFs suggested in CFR Section 230.72 might include liners to reduce leaching, 
cover crops to reduce erosion, and containing discharged material to prevent point 
and nonpoint sources of pollution. 

Many of the compliance measures of the Guidelines are aimed at protecting 
ecological and human health from proposed dredged or fill material discharges 
into waters of the United States. The Guidelines do not focus on CDFs nor do 
they exclude use of the Guidelines to capture potential contaminant releases from 
CDFs. Instead, the Guidelines take a common sense approach to potential 
contaminant releases from proposed dredged material discharge activities. The 
USACE supports that common sense approach and has developed this manual to 
take full advantage of existing regulatory and evaluation procedures of the 
Guidelines to the extent they cover contaminant pathways of concern. 

The CWA regulatory mandate for CDF effluent and runoff discharges is very 
specific. The discharge of effluent from a CDF is defined as a dredged material 
discharge in 33 CFR 323.2 (d) and 40 CFR 232.2 (e): 

"The term 'discharge of dredged material' means any addition of 
dredged material into waters of the United States. The term 
includes, without limitation, the addition of dredged material to a 
specified discharge site located in waters of the United States and 
the runoff or overflow from a contained land or water disposal 
area." 

In addition, Section 401 of the Clean Water Act provides the States a 
certification role as to project compliance with applicable State water quality 
standards; effluent limitations may be set as a condition of the certification. 

For purposes of the USACE regulatory program "The return water from a 
contained disposal area is administratively defined as a discharge of dredged 
material by 33 CFR 323.2(d) even though the disposal itself occurs on the upland 
and thus does not require a Section 404 permit." The USA CE has issued a 
Nationwide Permit at 33 CFR 330.5(16) to satisfy the technical requirements for a 
Section 404 permit for the return water where the quality of the return water is 
regulated by the State through the Section 401 certification process. USACE 
authorizations and evaluations are therefore not required when uncontaminated 
dredged material is placed in a CDF where the effluent or runoff into waters of the 
United States is certified as complying with applicable state Section 401 water 
quality certification requirements. Thus, the procedures and evaluation protocols 
of this manual do not apply to discharges of uncontaminated dredged material 
into CDF s where there is no reason to believe that contaminants might be released 
into the environment. 
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However, the nationwide permit does not authorize the disposal of 
contaminated sediments at CDFs where there might be release of contaminants 
into the environment. In that the discharge is nationwide permitted does not 
relieve the USA CE or permit applicants from ensuring that contaminants are not 
released into the environment either at the effluent discharge point or from the 
disposal site proper. In fact, special conditions at 33 CPR 330 require that "any 
discharge of dredged or fill material shall consist of suitable material free from 
toxic pollutants." Therefore, this manual does apply in cases where contaminated 
dredged material is proposed for disposal in a CDF, and there is the potential for 
release of contaminants via the five pathways. In the UTM, regulation of the 
effluent, runoff, leachate, and seepage fall within the broad purview of the CW A 
and NEPA. When effluent, runoff, or leachate pathways are of concern, 
evaluations are performed and predicted contaminant concentrations or toxicity 
results are compared to applicable standards, considering mixing or attenuation. 

Resource Conservation and Recovery Act (RCRA). One of the purposes 
of RCRA is to ensure that generated waste "should be treated, stored, or disposed 
of so as to minimize the present and future threat to human health and the 
environment." Since April 1988, with publication of the USACE maintenance 
dredging and disposal regulations at 33 CPR 335-338, the USACE has asserted 
that dredged material is not a hazardous waste and should not be regulated under 
RCRA (Federal Register Vol 53, No. 80, April 28, 1988, pages 14903 and 
14910). Throughout the 1990's, the USACE made a concerted effort to 
demonstrate that the CW A/MPRSA protocols provided a level of environmental 
protection commensurate with that accorded under RCRA. Based on that 
demonstrated experience, the EPA excluded dredged material as a hazardous 
waste on 30 November 1998, providing the dredged material is regulated under 
either the CWA or MPRSA (Federal Register Vol 63, No. 229, November 30, 
1998). The effective rule date was 1 June 1999. Specifically, 40 CFR 261.4 of 
that rule provides that dredged material regulated under "a permit that has been 
issued under Section 404 of the Federal Water Pollution Control Act (33 U.S.C. 
1344) or Section 103 of the Marine Protection, Research, and Sanctuaries Act of 
1972 (33 U.S.C. 1413) is not a hazardous waste." The term permit also applies to 
congressionally authorized Civil Works projects undertaken by the USACE using 
the CW A or MPRSA regulatory regimes. 

The RCRA exclusion for dredged material only applies to activities permitted 
under either the MPRSA or CW A. Since CDFs would not typically be located in 
ocean waters, the protocols of the CW A Guidelines are used in this manual. The 
link between the RCRA rule exclusion and CDFs rests with the CWA Section 404 
permit required for the effluent discharges from the CDP. Although that 
discharge is permitted nationwide at 33 CPR 330.5, the nationwide permit does 
not authorize the disposal of contaminated dredged material into a CDP where 
there is potential contaminant release to the environment. 

1.6.2 Other Regulatory Considerations 

Volatile Emissions. Volatile emissions may be of concern for dredged 
material containing high concentrations of volatile organic contaminants. Volatile 
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emissions from dredged material in CDFs are not regulated under the Clean Air 
Act (CAA), since the CAA regulates point and mobile sources. CDFs are neither. 
In most cases, air quality is regulated under the CAA only for gaseous emissions 
that could be sampled from a waste stream, not for volatilization from an areal 
source. Air quality from areal sources is more typically regulated, considering the 
resulting quality at a point of compliance or at the nearest receptor. Moreover, 
there have been no documented CAA concerns with any CDP anywhere in the 
nation. However, the Occupational Safety and Health Administration (OSHA) air 
quality standards apply when workers are exposed to inhalation or dermal contact 
with vapors while handling and managing dredged material containing certain 
volatile organic compounds in CDFs. In the UTM, when volatile emissions are of 
concern, evaluations are performed and predicted emission concentrations are 
compared to OSHA standards to detennine compliance. 

Plant and Animal Uptake. The direct uptake or bioaccumulation of 
contaminants by wetland and terrestrial plants and animals is not directly 
governed by any specific regulations. The plant and animal uptake pathways for 
CDFs receiving dredged material are unique in that dredged material is not 
sewage sludge, solid waste, or an industrial byproduct. Essentially, dredged 
material placed in a CDP is a wet soil, usually from an adjacent waterway, 
possibly containing a mixture oflow levels of contaminants from various 
anthropogenic sources. As explained in the RCRA discussion, none of the current 
statutory or regulatory regimes used for land application of sludges or industrial 
waste products are appropriate for CDP disposal of dredged material. However, 
the general mandate under NEPA requires evaluations of the uptake pathways, 
since uptake and subsequent movement of contaminants into food webs may 
result in impacts outside the CDP. In the UTM, the potential uptake of 
contaminants into plant and animal tissue is compared to that for a reference 
material representative of soils in the vicinity of the CDF had no dredged material 
disposal ever occurred there, and if the dredged material uptake exceeds that for 
the reference, the potential environmental impact of the uptake pathways is 
evaluated in the context of a risk assessment. 
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2 Structure and Approach of 
the UTM 

This chapter describes the tiered testing approach used in the UTM. This 
approach is very similar in concept to the tiered structure of the OTM and ITM, 
both of which were designed to provide information needed to determine the 
potential for contaminant-related impacts of proposed discharges without 
necessitating unnecessary testing evaluations. The conceptual similarity between 
the steps in each tier of the UTM evaluation process, the risk assessment process, 
and fundamentals of testing and evaluations common to multiple pathways are 
also described. 

2.1 Tiered Structure for Evaluations and Testing 

The UTM uses a four-tiered evaluation process for each of the five pathways. 
This tiered approach should be initiated at Tier I for each pathway and is designed 
to aid in generating appropriate and sufficient, but not more than necessary, 
information to make decisions regarding the need for management actions. This 
allows optimal use ofresources by focusing the least evaluative effort on projects 
where the potential need (or lack thereof) for management actions is clear, and 
expending the most effort on operations requiring more extensive investigation to 
determine the need for management actions. 

To achieve this objective, the evaluative guidance for each of the five 
pathways is arranged in a series of tiers, or levels of intensity of investigation. At 
the outset of a typical evaluation of a particular pathway, it may be possible 
conduct evaluations in general terms. Evaluation at successive tiers involves more 
extensive and specific information about the potential need for management 
actions. Successive tiers may involve more time-consuming and expensive 
procedures but provide more extensive information allowing more detailed 
evaluations of the need for management actions. The progressive increase in 
information from successive tiers means that a project is carried through the tiered 
evaluation structure until the information necessary and sufficient for a decision is 
obtained, and no further. 

It is not true that increased information obtained from evaluation in 
progressively higher tiers always results in greater confidence in the decision. As a 
simple illustration, if dredged material clearly meets the criteria indicating 
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contamination is not likely to be a concern, further evaluation in subsequent tiers 
will not increase the degree of confidence or certainty about the nature of the 
material. Evaluation in progressively higher tiers should be conducted only if the 
infonnation at a given tier is not sufficient to make a decision regarding the need 
for management actions. Once the infonnation necessary and sufficient to make a 
decision is available, further evaluation in subsequent tiers will not increase the 
confidence in the decision, is a waste of time and resources, and should not be 
conducted. 

The overall evaluation process is illustrated as a flowchart in Figure 2-1. The 
tiered structure for each pathway is illustrated in matrix form in Table 2-1. The 
general intent of each of the tiers is described below. More detailed tiered 
structures specific to each pathway are discussed in Chapters 4 through 9. 

2.1.1 Tier I 

Tier I uses readily available existing information. The Tier I evaluation should 
determine the need for evaluation of pathways, identify the pathways (if any) that 
should be evaluated further, and identify receptors of concern (ROC) and COC (if 
any) for further evaluation. 

Although gathering such information may require searching libraries, 
archives, and similar sources, such as previous project files, the collection of field 
data or pathway tests is outside the scope and intentions of this tier. For dredged 
material with a readily apparent need for management actions (or lack thereof), 
the information collected in Tier I should be sufficient for making management 
decisions. However, more extensive evaluation in subsequent tiers will be needed 
if Tier I information is inadequate for management decisions. 

2.1.2 Tier II 

If a decision cannot be made at Tier I, Tier II evaluations consist of 
determining the need for management actions derived from very conservative 
techniques that use the chemical, physical, and biological characteristics of the 
dredged material and basic information about the CDP. Because of their 
conservative nature, if these evaluations indicate that management actions are not 
needed, it is very unlikely that further evaluations will indicate such a need. 
However, because of their conservative nature, "false positives" may occur and, 
depending on the magnitude of such results, further evaluation in higher tiers may 
be warranted. Tier II includes tests to evaluate the need for management actions to 
meet applicable water quality standards, groundwater standards, etc. 
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Determine Site Characteristics 

Determine Need for Pathway Evaluations 

Identify Relevant Pathways 

Identify Contaminants of Concern 

Compile Existing Information 
for each Pathway 

Evaluate Contaminant Pathways of Concern 

Information Sufficient? 

YES 

Pathway Decisions 

Plant 
Uptake 

Evaluate Contaminant Control Measures as Needed 

Figure 2-1. Flowchart illustrating the overall evaluation process for CDF pathways 
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2.1.3 Tier Ill 

If the need for management actions cannot be determined in Tiers I and II, it 
may be necessary to use Tier III to obtain more detailed information. The 
evaluations in Tier III include effects-based testing and are generally more 
complex, costly, data intensive, and time-consuming than those in the previous 
tiers. For contaminant pathways for which there are no Tier II procedures or for 
which Tier II yields equivocal results, it may be necessary to employ Tier JU to 
obtain more detailed infonnation. It is important to note that carrying decisions to 
Tier III that could have been made at an earlier tier may not improve the 
confidence in those decisions. 

Table 2-1 
Summary of Evaluation Structure and Procedures in UTM 

Contaminant Migration Pathways for CDFs 
Tier Effluent Runoff Leachate Volatilization Plant Uptake Animal Uptake 

Existing information, Existing information, 

Tier I 
Existing Existing Existing Existing conceptual site model, conceptual site model, 
information information information information complete exposure complete exposure 

routes routes 

Total release 
Solubility Solubility Volatility 

screen and/or DTPA Extract, COC TBP Calculation, COC 
Tier II 

Solubility 
partitioning partitioning partitioning 

elimination elimination 
partitioning screen 

screen screen screen 

LTCST 
SLRP and/or 

turbidity/TSS 
RSLS SBL T chemistry 

Plant bioaccumulation Animal 
Tier Ill 

EET chemistry 
chemistry and/or PCLT VFC chemistry 

test bioaccumulation test 
EET toxicity 

SLRP and/or chemistry 
RSLS toxicity 

Case Specific Case Specific Case Specific Case Specific 
Case Specific Study or Case Specific Study or 

Tier IV Study or Risk Study or Risk Study or Risk Study or Risk 
Risk Assessment Risk Assessment 

Assessment Assessment Assessment Assessment 

DTPA = Diethylenetriamine-pentaacetic acid 
TBP = Theoretical Bioaccumulation Procedure 
L TCST = long Tube Column Settling Test 
TTS = Total suspended solids 
EET = Effluent Elutriate Test 
SlRP = Simplified laboratory Runoff Procedure 
RSlS = Rainfall Simulator/lysimeter System 
SBl T = Sequential Batch leachate Procedure 
PCl T = Pancake Column leach Test 
VFC =Volatile Flux Chamber; 

2.1.4 Tier IV 

Tier IV consists of case-specific studies or fonnal quantitative risk assessment 
designed to answer specific, well-defined questions, and should rarely be 
necessary for navigation projects. Tier IV is useful if, and only if. 

1. Contamination is substantial. 

2. Specific scientific information essential for a decision is not otherwise 
available. 

3. Essential infonnation will be generated by Tier IV evaluations. 
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A quarter-century of experience clearly demonstrates that these conditions 
seldom exist at dredged material aquatic and nonaquatic disposal sites. In the great 
majority of cases, the environmental consequences of disposal were sufficiently 
known after Tier III or earlier to make a technical decision; Tier IV might have 
further refined the prediction of consequences but would not have fundamentally 
changed it. In such cases, socio-economic and political considerations are more 
important than technical information, and no amount of further testing will 
provide additional socio-economic or political insight. Under these circumstances, 
it is an inappropriate use of time and money to carry the evaluation to Tier IV in 
hopes that the additional technical detail will resolve nontechnical controversies. 

At any tier except Tier IV, failure to make a decision regarding the need for 
management actions results in additional testing at a subsequent, more complex 
tier unless a decision is made to seek other disposal alternatives. The final tier 
(Tier JV) consists of detailed site-specific evaluations intended to provide 
whatever technical infonnation is necessary for a decision, within the limits of the 
present scientific state-of-the-practice. 

2.1.5 Progressing through the Tiers 

It is necessary to proceed through the tiers only until information sufficient to 
make a decision about the pathway being evaluated has been obtained. For 
example, if the available information is sufficient to make a decision in Tier I 
about surface runoff, no further evaluation of surface runoff is required. The 
evaluation would then shift to the next pathway, which might have to be carried 
through Tier III to generate sufficient information to make a decision. The 
approach is to enter Tier I and proceed as far through the sequence of tiers as 
necessary to make a decision. Although the goal is to make a decision about each 
pathway in the earliest possible tier, enough information should be available to 
make technically defensible decisions about every pathway. It is acceptable and 
often desirable to carry evaluations of different pathways through different tiers to 
generate the information necessary and sufficient to make technically defensible 
decisions regarding the need for management actions. It is important to recognize 
that management actions implemented for one pathway may influence other 
pathways. 

As the investigation progresses through the tiers within a pathway, as many 
questions as possible should be answered at each tier. Only specific questions that 
cannot be answered satisfactorily after one tier should be evaluated further in the 
next tier. It is neither necessary nor appropriate, and is counter-productive, to shift 
all questions to the subsequent tier and repeat the investigation of questions that 
have already been answered sufficiently. 

The system is structured so that Tier I should be conducted for every pathway 
that is evaluated, sufficient information for a decision will almost always be 
available after Tier II or Tier III, and Tier IV will seldom be necessary. Prior to 
initiating testing, it is essential that the informational requirements of each tier be 
thoroughly understood and that the information necessary for interpreting results 
at the advanced tiers be assembled. For example, it is always appropriate to gather 
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all relevant available information and identify COC (Section 2.2.2) and ROC 
(Section 2.2.3) for the CDF and dredged material being investigated, even though 
it may be clear without formal Tier I evaluation that further assessment will be 
necessary. It may be possible to skip some Tier II evaluations if it appears likely 
that it will ultimately be necessary to go to Tier III. As evaluation of a pathway 
progresses through the tiers, more and more information becomes available, so 
that in most cases there is sufficient information for a decision by the end of Tier 
III or earlier. If it is necessary to go to Tier IV, only a few specific and well
defined questions should remain to be addressed at the Tier IV level of intensity. 

The procedures in this manual can be applied within a given tier using several 
levels of sophistication with respect to the data required. Pathway evaluations 
require consideration of several types of site and CDF information to include 
physical and chemical characteristics of the material proposed for disposal in the 
CDF, the characteristics of the CDF itself, operational variables regarding the 
dredging and disposal process, and characteristics of the receiving environments 
for the pathways. These data can be derived from simple estimates to extensive 
prediction or modeling efforts and should be considered in conjunction with data 
on dredged material pathway behavior. These data may vary from conservative 
estimates based on simple partitioning principles to data derived from detailed 
pathway testing. A given evaluation for a given pathway could therefore employ a 
range of site and CDF data sources and levels of detail. Use of existing 
information or conservative estimates of the needed site variables is most 
appropriate for evaluations in the early tiers. Use of case-specific data is more 
appropriate for later tiers. 

2.1.6 Decisions after Each Tier 

After completion of the technical evaluation in each tier, a decision 
concerning the next step is made in the following manner: 

1. If the available information is sufficient for a decision regarding the need 
for management actions, evaluation of the pathway under consideration 
stops at this point and management actions, if appropriate, are considered. 
The evaluation then proceeds to the next pathway of concern. This 
generic decision process is described in detail for every tier of each 
pathway in Chapters 4 through 9. 

2. If the information available at the completion of a particular tier is not 
sufficient to make a decision regarding the need for management actions, 
the evaluation of the pathway under consideration may proceed to the 
next tier, or appropriate management actions may be considered as an 
alternative to further testing. 

2.1. 7 Management Actions 

If a decision is made that management actions are needed for a given 
pathway, the influence of the management actions on other pathways should be 
considered. For example, the placement of a surface cover of clean material to 
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control surface runoff will also control plant or animal bioaccumulation. 
Consideration of such influences may allow for a reduction in testing efforts or the 
need to reevaluate some pathways. The full evaluation of all pathways may 
therefore be an iterative process, depending on the project requirements. 

2.2 Considerations for Risk Assessment 

This section discusses the similarities between risk assessment and the general 
UTM evaluation process within any tier of each pathway. As discussed in Section 
2.1, the tiered process is intended to provide a decision in most cases without 
having to conduct a formal, quantitative risk assessment in Tier IV. However, 
even while intending to avoid Tier IV, it is important to recognize that some 
aspects of the project evaluation may require a Tier IV risk assessment. The 
evaluations in Tiers I through III provide the data for risk assessment, should it be 
needed. 

2.2.1 Overview of Risk Assessment 

Risk assessment as it has often been used in other applications has typically 
been thought of as a complex, time-consuming, and expensive process. However, 
the concept of "screening level" risk assessments is being more widely embraced, 
and risk assessment concepts are being applied in simpler, quicker, and more 
efficient forms. The UTM is consistent with this trend, with its integration of risk 
assessment elements into a tiered testing framework culminating in a fonnal, 
quantitative risk assessment in the ultimate tier. 

The fundamentals of the risk assessment process and its application to 
dredged material evaluation are discussed in Moore, Bridges, and Cura (1998). 
This overview of the risk assessment process is supplemented by Cura et al. 
(2001 ), which discusses risk assessment as it applies to aquatic disposal of 
dredged material, and Cura, Wickwire, and McArlde (in preparation), which 
discusses risk assessment in the management of dredged material in wetland and 
terrestrial habitats. The brief summary of risk assessment in this section merely 
provides a context for discussing the risk elements of the UTM evaluation 
process. The much more thorough discussion by Cura, Wickwire, and McArlde 
(in preparation) is an important companion to the UTM, and the user should be 
familiar with it to make the best use of the UTM in the context of risk assessment. 
If it is necessary to carry the evaluation in the UTM to Tier IV, the guidance on 
Tier IV risk assessments provided by Cura, Wickwire, and McArlde (in 
preparation) should be followed. 

At a fundamental level, risk assessment consists of the following four steps, 
illustrated in Figure 2-2. 

• Problem formulation involves a thorough description of the activity 
being evaluated, with an emphasis on the COC (Section 2.2.2), ROC 
(Section 2.2.3), and complete exposure route(s) by which ROC could 
plausibly come into direct physiological contact with COC under the 
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conditions expected as a result of the proposed project. The UTM 
processes of scoping the technical evaluation and identification of 
relevant COC migration pathway(s) discussed in Section 3.1 is generally 
analogous to this step of the risk assessment process. 

• Effects assessment determines the dose-response that might cause an 
effect, such as exceedence of a water quality standard or an effect 
resulting from bioaccumulation. Effects assessment characterizes the 
dredged material and is independent of the CDF. The evaluations 
conducted in Tiers I through III concerning releases or impacts of the 
contaminant migration pathways in Chapters 4 through 9 are generally 
analogous to this step of the risk assessment process. 

• Exposure assessment determines the conditions of exposure to COC that 
populations, communities, or ecosystems would experience in the field as 
a result of the proposed project. Exposure assessment characterizes 
conditions in the field related to the project and is independent of the 
effects assessment. The mixing, dispersion, or attenuation of effluent, 
runoff, leachate and volatiles, and the exposure conditions to entire 
dredged material in Tiers I through III of the contaminant migration 
pathways in Chapters 4 through 9 are one aspect of exposure assessment. 
The exposure evaluation should also consider exposure times in relation 
to the times implicit in the measurements of effects. Exposure evaluation 
should consider the spatial scale of the release in relation to the scale of 
the receiving water body and the distribution of the ROC at the 
population level and in relation to potential ecosystem effects. The 
considerations discussed in Section 2.2.4 are an important part of 
exposure evaluation. 

• Risk characterization basically involves comparison of the results of the 
effects assessment and exposure assessment to determine whether there is 
a risk. If conditions necessary to cause an effect (effects assessment) are 
greater than the exposure expected in the field (exposure assessment), 
there is no risk. However, if exposure conditions are greater than those 
that will cause effects, a potential risk exists. The evaluation and decision 
processes in Tiers I through III of the pathways in Chapters 4 through 9 
are generally analogous to this step of the risk assessment process. 
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Effects 
Assessment 

Problem 
Formulation 

I 

I 
Risk 

Characterization 

Exposure 
Assessment 

Figure 2-2. Schematic illustration of the relationship of the four major 
components of risk assessment 

The following components of the evaluative process in the UTM and risk 
assessment are conceptually analogous: 

Identification of relevant pathways 

Determination of environmental quality 

Determination of biological availability and spatial and temporal distribution 
of COC in relation to populations, communities, and ecosystems of interest 

Problem formulation 

Effects assessment 

Exposure assessment 

Determination of management need Risk characterization 

* Identification of relevant pathways is discussed in Chapter 3. The other UTM processes are 
discussed in relation to the tiers for each pathway in Chapters 4 through 9. 
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2.2.2 Contaminants of Concern 

COC are the constituents or contaminants present in the dredged material 
being evaluated that may have a potential to affect ROC. General COC concepts 
are presented here, and COC are discussed in relation to Tier I evaluations in 
Section 3.4 and in detail specific to each pathway in Chapters 4 through 9. 

The COC are likely to be different for each dredged material and for a 
particular dredged material, are likely to be different for different pathways. COC 
to be evaluated are identified on a case-specific basis in the Tier I evaluation for 
each pathway. Iflittle information is available, the evaluation may enter Tier I 
with a "standard laundry list" of potential COC. However, through the Tier I 
process the "standard laundry list" should be replaced by a set of potential COC 
specific to the dredged material and pathway being investigated. It is important 
that all constituents relevant to the disposal activity being evaluated are included 
as potential COC. Constituents that Tier I shows may be important to a particular 
investigation should be added, and constituents that Tier I provides no reason to 
believe may be relevant to a particular investigation should be deleted from the 
potential COC. While there may be some constituents that are truly of concern 
and are legitimately among the COC for most investigations, detailed 
investigation of constituents not relevant to the disposal activity being evaluated 
are of no benefit and should be avoided. 

2.2.3 Receptors of Concern 

ROC are the resources that may have a potential to be affected by COC. ROC 
include abiotic resources such as water quality, groundwater quality, and air 
quality as well as the more commonly thought of biotic resources such as 
particular plant or animal species. ROC may be different for each CDF, and for a 
given CDF, are likely to be different for different pathways. 

ROC are mentioned here because ROC is a term common to both the UTM 
and risk assessment. Because ROC are the resources potentially at risk, the ROC 
determine the tests that will be conducted. In some cases, ROC are evaluated 
directly, such as when water quality is evaluated by measuring COC 
concentrations and comparing these to standards. In other cases, ROC may not be 
amenable to direct evaluation. For example, the resource of concern may be a 
local population of edible fish. It is often not possible to directly evaluate potential 
effects on the population, and it may not even be possible or practical to test 
individual fish of the species of interest. Such cases are common and are 
addressed with tests of surrogate species from which effects on the population of 
interest are inferred. The selection of appropriate test species is discussed in the 
sections of Chapters 4 through 9 in evaluations that use biological effects tests. 

2.2.4 Basis of Management Action Decisions 

The purpose of management actions is to protect ROC outside the CDF. As 
noted above, ROC may be abiotic, such as water quality standards, or biotic, such 
as particular organisms. The decision that management actions are required to 
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protect abiotic ROC is quite straightforward. If a standard is not met, it is assumed 
that the abiotic ROC the standard is intended to protect is at risk unless it can be 
clearly demonstrated otherwise. In this case, some type of management action may 
be appropriate. 

The case of biotic ROC is much more complex. The state of the art of 
predictive biological testing and evaluation is such that standard laboratory tests 
address changes at the organism or suborganism level, while effects on ROC 
occur in the field at higher levels of biological organization. Predictive tests are 
usually conducted under laboratory conditions, or occasionally under "controlled" 
field conditions. Thus, interpretation of results in terms of an effect on a biotic 
ROC requires extrapolation from laboratory to field conditions, as well as 
extrapolation from lower to higher levels of biological organization and perhaps 
from surrogate species to the ROC. Figure 2-3 is a conceptual illustration of the 
hierarchy of biological organization in relation to ecological relevance and 
tractability of testing. The most tractable tests address responses at the cellular, 
organ, and individual levels (i.e., levels 1 through 4) of biological organization. 
Population, community, and ecosystem levels of biological organization (levels 5 
through 7) are much more difficult to test and evaluate predictively but are the 
levels at which the potential for effects should be evaluated. Most of the 
biological evaluations in the UTM are at the life history level of organization 
(level 4 ), measuring effects on survival, growth, and reproduction of individual 
organisms under laboratory conditions. Some tests may be conducted at lower 
levels of biological organization, and there is ongoing scientific attention to 
prediction of population-level responses from individual life history data. At 
present, however, evaluation of the potential for effects should be based on results 
of laboratory tests at the level of individual organisms extrapolated to populations, 
communities, and ecosystems in the field. 

I~ Biodiembtry « genotoxicity 
T •• 
r 2.. Oe•rt:lopment • fortilizatirnL ~crMngcnicity 

i 
t 

'Ji 

Figure 2-3. Lower levels of biological organization are more tractable for testing 
than higher levels, but are less ecologically relevant 

\Vhether risks to individual organisms imply that management actions are 
needed to protect ROC at the population, community, or ecosystem level depends 
on many factors, all of which should be considered, because none are singularly 
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determinative according to EPA ( 1998), from which much of the following 
discussion is taken. Important factors that should be considered include: 

• Nature and intensity of effects. 

• Spatial and temporal scale of effects. 

• Potential for recovery from effects. 

Na tu re and Intensity of Effects. Distinguishing important effects from those 
oflittle importance requires consideration of the nature and extent of effects. For 
example, effects on growth are less likely to be reflected in population changes 
than effects on survival or reproduction. Large reductions in survival of offspring 
are more likely to result in measurable population effects than small reductions. A 
statistically significant I -percent decrease in fish growth may not be ecologically 
relevant at the population level. A 1 Cl-percent decline in reproduction may be 
more significant for a population of a slowly reproducing species than for a 
rapidly reproducing species. 

Spatial and Temporal Scale of Effects. Important considerations include the 
extent and pattern of effects in space and time as well as the context of the effects 
in the surrounding area over time. The size of the affected area is important. A 
larger affected area may be subject to a greater number of other stressors, 
increasing the complications from stressor interactions. A larger area may be more 
likely to contain sensitive species or critical habitat, and may be more susceptible 
to ecosystem-level changes because multiple communities may be altered. 
However, a smaller area may not necessarily mean a lower likelihood of the need 
for management actions. The extent to which critical habitats may be affected 
compared to the larger landscape of interest is important. The function of an area 
within the larger landscape may be more important than the absolute size of the 
area. 

Some important population, community, and ecosystem features operate on 
short-time scales and others on very longtime scales. Hence, the time scale of 
stressor-induced changes should be considered in the context of the time scales of 
the multiple natural processes within which they operate. For example, effects of 
COC should be considered in the context of natural variability and cycles in 
populations, communities, and ecosystems. Temporal considerations for COC 
include the time scale of exposure, including repetitive exposures, and the rate at 
which COC may be accumulated and depurated from tissues. These scales should 
be considered relative to the time scale on which important population, 
community, and ecosystem features operate. 

Potential for Recovery from Effects. Consideration of potential recovery is 
a logical extension of consideration of temporal scales. Recovery is the rate and 
extent of return of a population, community, or ecosystem to some aspect of its 
condition prior to the action being evaluated. Because populations, communities, 
and ecosystems are dynamic and continually change under natural conditions, it is 
unrealistic to expect them to remain static or return to the original state before the 
action being evaluated (Landis et al. 1993). However, the return to a state within 

Chapter 2 Structure and Approach of the UTM 

ED_013073_00000029-00043 



the typical range of variation is a reasonable target. Natural cycles should be 
considered when evaluating recovery potential. 

2.3 Fundamentals of Testing and Evaluation 

This section includes a discussion of some fundamental principles of testing 
and evaluation that are common to multiple pathways. These include sampling 
considerations, use of water quality standards, mixing/attenuation/dispersion 
principles, and control and reference materials for testing. Specific application of 
these principles is also mentioned as needed within the tiered framework for each 
of the pathways in Chapters 4 through 9. 

2.3.1 Sampling and Chemical Analysis 

The evaluations in Tiers II and III for all pathways involve sediment 
characterization and testing. Representative samples of the sediments under 
consideration must be used for the testing program. Samples of channel sediment, 
water from the dredging site, and receiving waters at the CDF location may be 
required, depending on the pathways of concern. The levels of effort, including 
number of sampling stations, quantity of material, and any schemes used for 
compositing samples, are highly project-specific. If at all possible, the sampling 
operations required for sediment characterization (both physical and chemical), 
design and evaluation of the disposal site, and contaminant pathway tests should be 
well coordinated to avoid unnecessary duplication of effort. A well-designed 
sampling plan is therefore essential. 

Chemical analyses of sediment, water, and tissue may be required, depending 
on the contaminant pathways of concern. Accepted techniques for chemical 
analysis should be used. Detection limits are also an important consideration. The 
detection limits specified for the tests should be set sufficiently low to allow 
comparison of tests results with applicable standards. 

Supporting guidance regarding sediment sampling, sample collection, 
handling, preservation and storage, and physical and chemical analyses is 
available (EPA/USA CE 1995 which is included in Appendix K) and should be 
followed in conducting evaluations in the UTM. 

2.3.2 Applicable Standards 

Several of the pathway evaluations may involve comparison of contaminant 
concentrations to applicable standards, such as water quality standards or 
groundwater standards. If applicable standards are not met, it is assumed that an 
ROC is at risk. Although standards are abiotic ROC, they are derived from 
considerations of effects on biotic ROC and are designed to protect biotic ROC. 
Applicable standards should be evaluated with regard to ambient concentrations 
of a particular COC in the environment outside the CDF. Additional discussions 
of speci fie types of standards are found in the respective pathway chapters. 
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2.3.3 Consideration of Mixing/Attenuation/Dispersion Zones 

The evaluation of effluent or surface runoff discharges should consider the 
effects of mixing and dispersion in receiving waters. Mixing zones are normally 
defined by the State regulatory agency as part of the CWA Section 401 Water 
Quality Certification requirements. \\''hen effluent or runoff enters receiving 
waters, it is dispersed by natural physical processes so that the concentration 
decreases spatially and temporally beyond the point of entry. This phenomenon is 
important in determining the potential for effects, because effects depend on both 
the concentration to which organisms are exposed and the length of time for 
which they are exposed. Effects are generally less at lower exposure 
concentrations or shorter exposure times, and for each COC there are exposure 
time-concentration combinations below which effects do not occur. The Federal 
regulations implementing Section 404(b)(l), Clean Water Act (40 CFR 230), and 
Section 103, Marine Protection, Research and Sanctuaries Act (40 CFR 227) 
recognize this and explicitly provide for consideration of mixing in evaluating 
dredged material discharges. 

Mixing calculations will describe the spatial and temporal boundaries within 
which the discharge may reach the applicable water quality or toxicity standards. 
If these boundaries are within the established mixing zone limits, there should be 
no risk. If these boundaries exceed the established mixing zone limits, the 
discharge may not meet the mixing zone aspects of water quality certification 
requirements. Some regulatory entities make no provisions for such events, in 
which case the discharge should be managed or controlled to not exceed water 
quality certification requirements. Other regulatory entities have provisions for 
variances, waivers, or other case-by-case approaches for dealing with releases that 
exceed established mixing zone limits. 

Jn a similar manner, attenuation ofleachate in foundation soils should be 
considered in evaluation of the leachate pathway, and dispersion of volatile 
emissions should be considered in evaluation of the volatile pathway. 

Detailed procedures for calculation of mixing zones for effluent and runoff are 
found in Appendix E. Guidance on considering attenuation in evaluating leachate 
and dispersion in evaluating volatile emissions is presented in the chapters on those 
pathways. 

2.3.4 Control Material 

Use of control materials is an integral part of evaluations for toxicity or uptake 
(bioaccumulation) testing. The purposes of control materials in biological tests are 
to confirm the biological acceptability of the test conditions and help verify the 
health of the test plants or animals. The response to the control material is not to 
be compared to the response to the dredged material to determine the effect of the 
dredged material. The reference material (Section 2.4) is used for this purpose. 
The essential characteristics of control materials are that they be essentially free of 
COC and fully compatible with the needs of the test plants or animals such that 
they have no discemable influence on the response being measured in the test. 
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Test procedures are conducted with the control material in the same way as with 
the dredged material samples. Excessive mortality or other unacceptable response 
in the control material indicates a problem with test conditions or organisms and 
can invalidate the test. 

Control water in biological tests with effluent or runoff (Chapters 4 and 5) is 
often the culture water in which the test organisms have been maintained in the 
laboratory. Control soil in biological tests of plant and animal uptake under 
terrestrial conditions (Chapters 8 and 9), or control sediments in aquatic and 
wetland tests, is often the soil or sediment within which the test plants or animals 
resided prior to collection in the field, or within which they were maintained in the 
laboratory. Generic control soils or sediments consisting of field-collected or 
laboratory prepared soil or sediment may also be appropriate in some cases. 

Under certain circumstances, it may be appropriate to use specialized control 
soil or sediment to help discern the potential contribution of a known variable to 
the results of a test. For example, if the dredged material samples being tested are 
very fine-grained, it may be desirable in some cases to use a grain-size control (a 
soil or sediment physically similar to the dredged material and essentially free of 
contaminants) in addition to the standard control to indicate the degree to which 
the test plants' or animals' response may be influenced by the grain size of the test 
soils or sediments. 

2.3.5 Reference Material for Plant and Animal Uptake Evaluations 

Appropriate reference material is an integral component of testing for 
evaluation of uptake of COC by plants and animals (Chapters 8 and 9). A 
reference soil is used in terrestrial evaluations, and reference sediment is used in 
wetland and aquatic evaluations. In these evaluations, it is important to clearly 
distinguish between control and reference materials and that both be properly 
selected and used in testing for effects of dredged materials on plants or animals 
and evaluating the results. 

Reference material concept. Reference soil or sediment is the key to 
evaluating the need for management actions for plants or animals. After a test has 
been accepted by the control soil or sediment, reference soil or sediment results 
provide the point of comparison (reference point) against which any potential 
effects of the dredged material are evaluated. With a proper reference sediment, 
this will identify the extent, if any, to which the dredged material may cause 
conditions different from those at the reference site. 

The essential characteristic of reference soil or sediment is that it reflects 
environmental conditions that would have existed in the vicinity of the CDF if 
dredged material had never been placed there, but all the other influences on 
environmental quality at the site had occurred. The reference soil or sediment 
reflects the environmental quality in the vicinity of the CDF because of all 
influences except dredged material discharges and is as free of COC as the 
vicinity of the CDF. In addition to this essential characteristic, the physical 
characteristics of reference soil or sediment should be sufficiently similar to the 
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dredged material that they have no discemable effect on the response being 
measured in the test plant or animal. As long as other requirements are met, it is 
acceptable to choose reference soil/sediment and/or test species to achieve this 
objective. Jn general, reference soil or sediment will be obtained in the vicinity of 
the CDF. 

In some cases, it may be appropriate for one reference site to serve more than 
one CDF, or to use more than one reference material for a single CDF. This could 
occur, for example, when the dredged material or the CDF has a wide range of 
grain sizes or organic carbon, when management needs suggest that disposal of 
different dredged materials at different locations within the CDF is desirable, or 
when disposal of the dredged material at more than one CDF is being considered. 

Reference material approach. Reference soil or sediment is generally 
collected outside the influence of previous operations at a CDF, but near enough 
to the CDF that the reference material is subject to all the same influences (except 
previous dredged material) as the CDF. If there is a potential for sediment 
migration or there is a reason to believe that previously placed dredged material 
has migrated, reference material should be collected from an area outside the CDF 
that is not expected to be influenced by material from the CDF. Both the reference 
point and reference area sampling approaches described below allow statistically 
valid comparisons and are appropriate under specific circumstances as described 
below. 

Reference point. This approach is used when the area outside the CDF is 
sufficiently homogeneous that a single reference location is representative of the 
CDF. A single reference location is sampled and the soil or sediment is tested 
concurrently with the dredged material. The test results from the reference 
material are compared to those obtained from plant or animal bioaccumulation 
tests of the dredged material. 

Reference area. This approach is used when the area outside the CDF is 
heterogeneous and more than one reference location should be sampled to 
adequately characterize it. Several reference locations are sampled, and a 
composite of all the samples is tested concurrently with the dredged material. The 
test results from the reference material composite are compared to those obtained 
from plant or animal bioaccumulation tests of the dredged material. 

Reference sampling plan. The importance of thoughtful selection of the 
reference sampling approach caimot be overemphasized. To ensure that an 
appropriate approach is used, information gathered during the site specification 
process or other studies should be consulted for both the CDF and the reference 
sites. In some instances there are differences in the statistical methods used in 
comparing results from the various reference sampling methods to those obtained 
from the dredged material being evaluated. There may also be differences in costs 
among the approaches; statistical considerations are important in determining 
which approach best fits specific concerns and conditions, including feasibility, 
technical validity, and cost. 
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A well-designed sampling plan is essential to the collection, preservation, and 
storage of samples so that potential toxicity and bioaccumulation can be 
accurately assessed. The implementation of such a plan is equally essential for 
dredged material, control material, and reference material. 

2.3.6 Statistical Considerations 

A number of the pathway evaluations require comparison of test results with 
standards or reference material test results. Statistical significance should be 
considered in making such comparisons. The need for statistical comparisons is 
stated as appropriate in the respective pathway chapters, and additional detail on 
statistical methods applicable for the evaluations in the UTM is presented in 
Appendix L. 
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3 Initial Evaluations 

This chapter describes the activities conducted at the beginning of a CDF 
pathway evaluation under Tier I. These initial Tier I evaluations include a 
scoping process and an evaluation of existing information to detennine the need 
for pathway evaluations, identify relevant pathways for the project, and identify 
COCs. The existing information for each relevant pathway is evaluated to 
determine if a decision on the need for management actions can be made and 
identify which pathways require more detailed evaluations in higher tiers. 

3.1 Determination of the Need for Contaminant 
Evaluations 

The first step in the scoping process is the determination of the need for 
contaminant evaluations based on the potential for presence of COC in the 
dredged material. No further evaluation is needed if any one of the following 
criteria is met: 

• The dredged material is excavated from a site far removed from existing 
and historical sources of contaminants, so as to provide reasonable 
assurance that the dredged material does not contain them. 

• The dredged material is composed predominantly of sand, gravel, and/or 
rock. 

• The dredged material is composed of previously undisturbed geological 
materials which have not been exposed to modem sources of pollution. 
(However, note that potential impacts from natural mineral deposits must 
also be considered). 

Considering the dredged material characteristics in light of the above criteria, 
detennine whether there is reason to believe COC in the dredged material may be 
of concern outside the CDF. The purpose at this initial stage is to eliminate 
projects for which COC clearly do not warrant further evaluation. Unless this is 
clear, the evaluation should be carried forward. 

The decision, the rationale for which should be documented, will be either: 
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• There is not sufficient reason to believe that contaminants in the dredged 
material may be of concern for the project. Therefore, detailed evaluation 
is not necessary, and there is no need for further evaluation using this 
manual. 

• There is sufficient reason to believe that contaminants in the dredged 
material may be of concern for the project to warrant a more detailed 
evaluation of potential COC effects outside the CDF. Because these 
effects can only be evaluated in the context of pathways, it is necessary to 
determine which pathway(s) may be of concern for the CDP being 
evaluated. 

3.2 Identification of Relevant Pathways 

If there is potential for the presence of COC in the dredged material, and an 
evaluation of pathways is deemed appropriate, the next step in the scoping process 
is to identify the relevant pathways of concern. This requires that a comprehen
sive, although at this stage not detailed, description of the project be developed, 
including: 

• The environmental setting and general characteristics of the site (Section 
3.2.1). 

• The engineering design and management characteristics of the CDP 
(Section 3.2.2). 

• The general environmental characteristics of the dredged material 
(Section 3.2.3). 

The source of the information used for the project description is the 
compilation of existing information discussed in detail in Section 3.3. 

3.2.1 Environmental Setting and General Characteristics 

The general setting of the site or setting for the CDP should be described from 
the perspective of factors that might influence the migration of COC (if present) 
from the CDP, and the types of resources that might be exposed to any COC 
present. Such factors may include, for example: 

• Aquatic, wetland, or terrestrial environment. 
• Size of receiving water body that releases from the site might enter. 
• Salinity of receiving water body and groundwater underlying the site. 
• Circulation in receiving water body. 
• History of site use. 
• Surrounding land use. 
• Characteristics of groundwater aquifers beneath and surrounding the 

site. 
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3.2.2 CDF Design and Management Characteristics 

The general engineering design and the existing or anticipated management 
features of the CDF should be described from the perspective of factors that might 
influence the migration of COC from the CDF and the types ofresources that 
might be exposed to any COC present. Depending on the nature of the project, 
the design and management characteristics of the CDF would be considered in 
one of two ways: 

1. The possible adequacy of an existing CDF for the proposed disposal. 

2. The required design of a new CDF for the proposed disposal. 

In many cases, CDFs have been used for previous disposal of dredged 
material, sometimes for many years. Pathway evaluations will determine if 
contaminant controls or operational constraints are required for the proposed 
placement in such an existing site. For design of new CDFs, the evaluations will 
detennine the requirements for the new site, e.g., minimum surface area or 
ponding depths and the need for controls or operational constraints. Details on 
the engineering design and management considerations for CDfs are provided in 
Engineer Manual 1110-2-5027. 1 

Factors to be considered may include, for example: 

• Dike construction and height. 

• Surface area of the CDF. 

• Design life of the CDF. 

• Anticipated frequency of use. 

• Anticipated use of the CDF after filling. 

• Method of filling the CDF. 

• Rate at which the CDF will be filled. 

• CDF management between projects. 

• Minimum required ponding. 

• Characteristics of the CDF foundation. 

1 Headquarters, U.S. Army Corps of Engineers. (1987). "Confined disposal of dredged 
material," Engineer Manual 1110-2-5027, Washington, DC. 
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3.2.3 Dredged Material Characteristics 

The general characteristics of the dredged material should be described from 
the perspective of factors that might indicate the presence, type, and mobility of 
COC in the material. Such factors may include, for example: 

• Area from which the material will be dredged. 

• Land use in the watershed and local area surrounding the source. 

• KnO\vn spills or discharges in the area. 

• Physical characteristics of the material (grain-size distribution, water 
content, plasticity indexes, etc.). 

• Volume of material to be dredged. 

• Dredging schedule. 

• Project dredging history. 

• Salinity at the dredging site. 

• Maintenance or new work material. 

• Method of dredging and placement. 

3.2.4 Identifying Relevant Pathways 

Once the site and CDF characteristics are identified, every migration pathway 
for which COC may be of concern should be evaluated for relevance before 
proceeding further in the tiered testing process. The nature of each pathway 
should be considered in relation to the CDF characteristics (Section 3.2.2) and 
dredged material characteristics (Section 3.2.3). The purpose at this initial stage 
is to eliminate pathways that clearly do not warrant evaluation; unless this is clear, 
the evaluation should continue. Examples in which pathways would not warrant 
evaluation include situations such as the following: 

• If the CDF will be paved when the project being evaluated is completed, 
runoff, volatilization, and direct uptake pathways would not warrant 
evaluation for that project. However, these pathways may warrant 
evaluation for projects that will not be paved upon completion or during 
filling prior to paving. 

• If the frequency of CDF use will be sufficient to keep plants and animals 
from becoming established within the CDF, the direct uptake pathways 
would not warrant evaluation. 
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These examples are not intended as an exhaustive list and serve merely as 
illustrations to stimulate thinking about whether specific pathways warrant 
evaluation. 

The identification of relevant pathways is crucial to the evaluation process. 
Only those pathways that have a potential to result in transport of contaminants 
out of the site require consideration. Three components must be present before 
any effects from COC are anticipated: 

1. There must be a stressor. In the context of the UTM, a stressor would be 
a COC associated with the dredged material within a CDF. 

2. There must be a receptor. Jn the context of the UTM, a receptor could be 
a person, wildlife, standard, or other receptor that could be adversely 
affected by the stressor. 

3. There must be a complete exposure route by which a stressor (COC) can 
come into actual physiological contact with a receptor (ROC). 

In order to determine the need to evaluate a pathway, it is important to clearly 
identify all three elements: the stressor(s), the receptor(s), and the exposure 
route(s) that connect them. The absence of a complete exposure route is one basis 
for early elimination of a pathway(s) and stressor/receptor set(s) from further 
consideration, so that the process can focus on situations that might reasonably 
constitute a potential risk. This is the opportunity to focus questions upon issues 
of real concern. Because the scoping process is so fundamental to the conduct 
and acceptance of the UTM evaluation, it is important that Federal and State 
agencies, stakeholders, and the general public have meaningful participation in the 
scoprng process. 

The rationale for carrying, or not carrying, each pathway into the tiered 
evaluation should be documented, and a list of pathways to be evaluated should 
be developed at this point. 

3.3 Compilation of Information 

A separate Tier I evaluation should be conducted for each relevant pathway to 
be evaluated, because each pathway has specific characteristics. However, the 
Tier I evaluation process is very similar for every pathway. The generic Tier I 
evaluation process is described here and referenced as the basic process for 
conducting the Tier I evaluation in the detailed chapters on each of the pathways. 
Much of the existing information used in Tier I evaluations of one pathway will 

also be useful in evaluation of other relevant pathways. Therefore, whichever 
pathway is evaluated first will require the greatest Tier I effort, and Tier I 
evaluations of subsequent pathways will build upon and use much of the same 
information, requiring less effort. 

Even if it is clear from the outset that the evaluation of a particular pathway 
must be carried to higher tiers, Tier I should be conducted for each pathway. This 
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is because Tier I is likely to resolve at least some issues, and Tier I provides much 
of the information that will guide evaluation in higher tiers if that should be 
necessary, including identification of the COC for the dredged material, CDF, and 
pathway being evaluated. 

Infonnation on a variety of physical, chemical, and biological factors related 
to the dredging site, the dredged material, and the CDP is important to maximize 
the utility of Tier I. Information on these factors may exist in a wide variety of 
sources, and the useful sources may differ for each dredging project. Therefore, 
the following lists are intended merely to indicate possible sources and stimulate 
thinking about sources ofrelevant existing information. Not all potential sources 
will provide relevant information for every pathway, and sources not listed will be 
helpful on others. It is not possible to determine in advance which sources will 
provide information useful in Tier I. All involved parties should work 
cooperatively to identify and obtain relevant existing information for use in Tier I. 

Considerations relevant to the potential for the dredged material to be 
contaminated include: 

• Sources of COC 

• Pathways of COC transport to the dredging site 

• Naturally occurring substances that may be harmful to biota 

• Urban and agricultural runoff 

• Sewer overflows/bypassing 

• Industrial and municipal wastewater discharges 

• Previous dredged or fill discharges 

• Landfill leachate/ groundwater discharge 

• Spills of oil or chemicals 

• Releases from Superfund and other hazardous waste sites 

• Illegal discharges 

• Air deposition 

• Biological production (detritus) 

• Mineral deposits 

The information gathering must be as complete as is reasonably possible, 
including existing information from all reasonably available sources. This will 
increase the utility of the Tier I evaluation and the likelihood that decisions 
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concerning the need for management actions may be made at Tier I. Potential 
sources of available information include the following, without limitation: 

• Results of prior physical, chemical, and biological tests and monitoring of 
the material proposed to be disposed. 

• Infonnation describing the source of the material to be disposed which 
would be relevant to the identification of potential COC. 

• Existing data contained in files of agencies such as EPA or USACE or 
otherwise available from public or private sources. Examples of sources 
from which relevant information might be obtained include: 

• Selected Chemical Spill Listing (EPA) 

• Pesticide Spill Reporting System (EPA) 

• Pollution Incident Reporting System (United States Coast Guard) 

• Identification ofJn-Place Pollutants and Priorities for Removal (EPA) 

• Hazardous waste sites and management facilities reports (EPA) 

• USA CE studies of sediment pollution and sediments 

• Federal STORET, BIOS, CETIS, and ODES databases (EPA) 

• Water and sediment data on major tributaries (Geological Survey) 

• National Pollutant Discharge Elimination System (NPDES) permit 
records 

• Agencies with COC or related information, for instance, Fish and 
Wildlife Service (FWS), National Oceanic and Atmospheric 
Administration (NOAA), regional planning commissions, state 
resource/survey agencies 

• CWA 404(b)(1) evaluations 

• Pertinent and applicable research reports 

• MPRSA l 03 evaluations 

• Port and marina authorities 

• Colleges/Universities 

• Records of State agencies, (e.g., environmental, water survey, 
transportation, health) 

• Superfund sites, hazardous waste sites 
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• Published scientific literature 

Factors that may influence the movement of COC from sources to the dredged 
material are important considerations, including: 

• Bathymetry 

• Water current patterns 

• Tributary flows 

• Watershed hydrology and land uses 

• Sediment and soil types 

• Sediment deposition rates 

3.4 Identification of Contaminants of Concern 
(COC) 

This step in the Tier I evaluation identifies potential contaminants of concern 
(COC) and detennines whether they may present a potential environmental 
problem. The evaluation in all tiers rests heavily upon proper identification of 
COC. The process begins in Tier I with the identification of potential COC. 
Tier I also begins the process, continued in Tier II, of narrowing the potential 
COC to a more focused set of COC that warrants detailed evaluation and 
documents the reasons others do not warrant further consideration. This will 
result in a focused list of COC necessary and sufficient for a thorough assessment 
of potential environmental problems associated with the proposed project. 

Simple presence of a contaminant in the dredged material being evaluated is 
not sufficient to include that contaminant as a potential COC. However, a 
persistent and toxic chemical would be included. Some COC may occur in a 
dredged material below their toxic levels, yet may be sufficiently bioavailable and 
bioaccumulative that they present a potential problem to higher trophic levels. 
Some dredged materials may contain no COC. 

There may be some COC common to many dredged materials, but the set of 
COC developed for one project will not necessarily be appropriate for another 
project. The COC may be similar for some pathways and may be very different 
for others. For example, the COC may be relatively similar for effluent and 
runoff, but potentially volatile contaminants that might be COC for air may not be 
COC for direct uptake. Salt can have major effects on water quality and terrestrial 
and freshwater organisms. Therefore, if the dredged material is from a saline 
waterway and may reach fresher surface or groundwater, salt should be considered 
a potential COC for all pathways except air and plant or animal uptake, even 
though salt is not, strictly speaking, a contaminant. COC should be developed for 
each pathway and each project. 
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Proper identification of COC is essential to accurate assessment of potential 
impacts and the need for management actions. If an important constituent is not 
included, the assessment could overlook potential effects. If an increasing number 
of unimportant constituents are included, evaluations tend to lose focus, become 
inefficient, and perhaps incorrectly identify potential effects where none actually 
exist. While it is usually better to err on the side of inclusion, each potential COC 
should be carefully considered, and constituents should not be included without 
objective justification for doing so. 

3.4.1 Need for Sediment Chemistry 

If the available evidence indicates COC may be present, final selection of 
COC may require supplementing available information with chemical analyses of 
the sediment. Also, the Tier II evaluations for each pathway, if they are necessary, 
rely on bulk sediment data for the proposed dredged material. If adequate bulk 
sediment data are not available, samples should be collected and the bulk 
sediment chemistry should be determined. It is possible to skip Tier II and go 
directly to tests in higher tiers. However, this may not be an efficient use of 
resources in most cases, since subsequent testing may be unnecessary. In addition, 
proper interpretation of some pathway tests requires sediment chemistry data. 

In some instances, it may be sufficient to perform confinnatory analyses for 
specific COC. In other cases where the initial evaluation indicates that a variety 
of COC may be present, chemical analysis of the dredged material could provide a 
useful inventory, and bulk sediment chemistry analysis may be appropriate. 
Should it be necessary to collect and analyze sediment samples at this point, it 
should be assumed that Tier II and Tier III testing may be needed for all pathways. 
Hence, consideration should be given to collecting sufficient material from the 
dredging, reference, and control sites to conduct these tests. Careful attention 
should be given to storage conditions and storage times for sediments prior to 
performing evaluations. If this is not done, it may be necessary to repeat the 
sampling. 

3.4.2 Characteristics of Contaminants of Concern 

Contaminants for which there are applicable standards should be identified as 
a COC. COC include potentially toxic or bioaccumulative constituents and those 
that may promote undesirable organisms or growth. Salt is always a potential 
COC whenever dredged material from a saline waterway is placed in a CDF 
where nonsaline or lower-salinity enviromnents may be affected. Other potential 
COC include those that might reasonably be expected to require management 
actions if the dredged material in question were to be placed in the CDF. The 
potential COC for each proposed action should be identified on the basis of the 
following, keeping in mind appropriate analytical considerations: 

• Presence in the dredged material 

• Concentration in the dredged material relative to the concentration in the 
reference material 
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• Toxicological importance 

• Persistence in the environment 

• Propensity to bioaccumulate from sediments/soil matrices, which is 
controlled primarily by the following chemical properties of the 
constituents: 

• Hydrophobicity- Literally, "fear of water"; the property of neutral 
(i.e., uncharged), organic molecules that causes them to associate with 
surfaces or organic solvents rather than to be in aqueous solution. 
The presence of a neutral surface such as an uncharged organic 
molecule causes water molecules to become structured around the 
intruding entity. This structuring is energetically unfavorable, and the 
neutral organic molecule tends to be partitioned to a less energetic 
phase, if one is available. In an operational sense, hydrophobicity is 
the reverse of aqueous solubility. The octanol/water partition 
coefficient(K0 w, log K 0 w, or log P) is a measure of hydrophobicity. 
The tendency for organic chemicals to bioaccumulate is related to 
their hydrophobicity. Bioaccumulation factors increase with 
increasing hydrophobicity up to a log K 0 w of about 6.00. At 
hydrophobicities greater than about log K0 w = 6.00, bioaccumulation 
factors tend not to increase due, most likely, to reduced 
bioavailability. 

• Aqueous Solubility - Chemicals such as acids, bases, and salts that 
speciate (dissociate) as charged entities tend to be water-soluble and 
those that do not speciate (neutral and nonpolar organic compounds) 
tend to be insoluble, or nearly so. Solubility favors rapid uptake of 
chemicals by organisms but at the same time favors rapid elimination, 
with the result that soluble chemicals generally do not bioaccumulate 
to a great extent. The soluble free ions of certain heavy metals are 
exceptional in that they bind with tissues and thus are actively 
bioaccumulated by organisms. 

• Stability - For chemicals to bioaccumulate, they must be stable, 
conservative, and resistant to degradation (although some 
contaminants degrade to other contaminants that may bioaccumulate ). 
Organic compounds with structures that protect them from the 

catalytic action of enzymes or from nonenzymatic hydrolysis tend to 
bioaccumulate. Phosphate ester pesticides do not bioaccumulate 
because they are easily hydrolyzed. Unsubstituted polycyclic 
aromatic hydrocarbons (P AH) can be broken down by oxidative 
metabolism and subsequent conjugation with polar molecules. The 
presence of electron-withdrawing substituents tends to stabilize an 
organic molecule. Chlorines, for example, are bulky, highly 
electronegative atoms that tend to protect the nucleus of an organic 
molecule against chemical attack. Chlorinated organic compounds 
tend to bioaccumulate to high levels in animals because organisms 
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easily take them up, and, once in the body, they cannot be readily 
broken down and eliminated. 

• Stereochemistry - The spatial configuration (i.e., stereochemistry) of 
a neutral molecule affects its tendency to bioaccumulate. Molecules 
that are planar tend to be more lipid- soluble (lipophilic) than do 
globular molecules of similar molecular weight. For neutral organic 
molecules, planarity can correlate with higher bioaccumulation unless 
organisms can easily metabolize the molecule. 

3.4.3 Documentation of COC 

Justification for identifying a contaminant as a COC increases with the 
increase of factors such as the: 

• Toxicological importance of the contaminant. 

• Amount of the contaminant known to have been introduced to the 
dredging site. 

• Amount of the contaminant suspected to have been introduced to the 
dredging site. 

• Amount of the contaminant included in continuing input from existing 
sources. 

• Amount of the contaminant included in historical sources. 

Justification for identifying a contaminant as a COC decreases with the 
increase of factors such as: 

• Isolation of the dredging operation from known existing and historical 
sources of the contaminant. 

• Time since historical sources of contaminant have been remediated. 

• Number and frequency of maintenance dredging operations since 
abatement of the source of the contaminant. 

• Mixing and dilution occurring between the contaminant source and the 
dredging site. 

• Transport and potential deposition of sediment in the dredging area from 
sources other than those potentially affected by the contaminant. 

• Grain size of the dredged material. 

These and other considerations are complexly interrelated; i.e., the acceptable 
degree of isolation from sources of contaminants depends on the number, amount, 
and toxicological importance of the contaminants as well as on all other factors. 
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These considerations have to be evaluated for all dredged material. Even so, it is 
desirable that local guidance be developed, based on technical evaluations, which 
describes the emphasis on factors deemed appropriate in each area. 

The results of the COC identification should be documented. This should 
identify all contaminants considered and briefly summarize the justification for 
identifying or not identifying each as a COC for the specific dredged material, 
CDF, and pathway being evaluated. These are the COC that will be evaluated in 
higher tiers as appropriate. 

3.5 Consideration of Prior Evaluations and 
Testing 

An important aspect of a Tier I evaluation is the consideration of any 
previously conducted pathway evaluations for the project, especially those which 
included pathway testing. In some cases, COC may be present in the dredged 
material, but earlier detailed evaluation of the pathway indicated no management 
actions were required. Prior evaluations should be appropriately documented and 
used in the developing the Tier I decisions for each pathway. 

3.6 Tier I Decisions 

After consideration of all available infonnation in Tier I, one of the following 
conclusions is reached for each pathway. The conclusions are described here in 
generic terms and are described in terms specific to each pathway in the Tier I 
discussions of Chapters 4 through 9: 

1. Existing information provides a sufficient basis for a decision about the 
need for management actions associated with the pathway being 
evaluated. 

2. Existing information does not provide a sufficient basis for a decision 
about the need for management actions associated with the pathway being 
evaluated. In this case the evaluation must proceed to higher tiers. 

It should be noted that the selection of a management action at this or any 
other tier may require reevaluation of the specific pathway, as well as other 
pathways as management actions may materially change the nature of the 
material, the CDF, or the pathways. Also, even though a decision that 
management actions are needed may be made at Tier I, more detailed information 
for the pathway may be needed for design of specific actions. 
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4 Effluent During Disposal 
Operations 

4.1 General Considerations 

Effluent is defined for purposes of this manual as water discharged from a 
confined disposal facility (CDF) during and as a result of the filling or disposal of 
dredged material in the CDF (USACE/EPA 1992). Regardless of the manner in 
which a CDF is filled, and especially if the CDF contains water or is hydraulically 
filled, there will be an effluent. 

Effluent evaluation procedures and tests are also presented in the ITM 
(EPA/USACE 1998). For consistency and completeness, all effluent procedures 
in the ITM are included in this manual in their entirety and with no technical 
modification. However, this manual includes additional procedures for evaluation 
of the effluent pathway that address a wider range of possible conditions and 
additional computer-assisted tools for effluent evaluation. 

4.1.1 Effluent Processes 

A schematic of an active hydraulically filled CDF is shown in Figure 4-1. 
Dredged material hydraulically placed in a CDF settles, resulting in a thickened 
deposit of material overlaid by a clarified supernatant. The supernatant waters are 
discharged from the site as effluent during active dredging operations. The 
effluent may contain dissolved contaminants and suspended and colloidal particles 
with associated (adsorbed or held by ion exchange) contaminants. A large portion 
of the total contaminant load is particle-associated. 

Supernatant waters from CDFs are discharged after a retention time that may 
vary from a few hours to several days. Actual withdrawal of the supernatant is 
governed by the hydraulic characteristics of the ponded area and the discharge 
weir. Several factors influence the concentration of suspended particles present in 
supernatant waters. Fine particles become suspended in the ponded water at the 
point of entry because of turbulence and mixing. The suspended particles are 
partially removed from the water column by sedimentation. However, particle 
concentrations may be maintained by upward flow of water through the slurry 
mass during settling. Wind and/or surface wave action may also resuspend settled 
particles. 
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Figure 4-1. Schematic of supernatant water interaction in an active confined 
disposal facility affecting effluent quality 

CDFs are typically designed to retain virtually all the solid fraction of dredged 
material. However, all solids cannot be retained during the disposal process, and 
associated contaminants are transported in dissolved form and with the particles in 
the effluent. The only solids in the effluent are typically very fine-grained and are 
widely dispersed so that any accumulation on the bottom of the receiving water 
body is negligible. Therefore, effluent typically has the potential for water 
column effects only, and evaluation of benthic effects related to effluent is usually 
not appropriate. 

The duration of effluent discharges will roughly correspond to the time 
required to complete the dredging operation and may vary from days to months. 
Effluent discharges may occur from a few hours per day up to 24 hours per day, 
depending on project conditions. 

It is important to distinguish intentional release of ponded water during filling 
and subsequent management of the CDF from runoff released from the CDF 
following precipitation. Precipitation runoff is another contaminant pathway and 
will require separate evaluation if there is a reason to believe that contaminants 
might be released (Chapter 5). 

4.1.2 Method of Filling 

The techniques for evaluation of effluent discharges described here are 
specifically designed for the case of hydraulic disposal of material into CDFs with 
the effluent discharge to receiving waters occurring from an outlet pipe or weir 
structure or structures. Hydraulic disposal can be in the form of direct pipeline 
inflow from cutterhead or similar hydraulic suction dredges, intermittent hydraulic 
placement from hopper dredge pumpout operations, or intermittent hydraulic 
placement by reslurrying material from barges (which may have been filled by 
mechanical dredges). Such disposal operations would nonnally have an effluent 
discharge flowrate roughly equal to that of the inflow. 

Some CDFs may be designed to allow flow of effluent water through filter 
cells or permeable dike sections. The techniques described here may be applied to 
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this case, but the influence of the filter media in retaining suspended particles and 
adsorption of contaminants from the effluent discharge should be considered. 

Dredged material may be placed in some CDFs by direct mechanical means 
such as rehandling from barges or by truck. Although such filling operations 
normally involve handling relatively little free water, there may still be an effluent 
discharge. In addition, there may be ponded water in the CDF before filling 
begins, especially for CDFs constructed in water. For the case of mechanical 
filling, the effluent discharge involves the free water that is released during the 
mechanical disposal operation or the existing pond water that is displaced by the 
operation. Separate procedures are available in Tier II for mechanical filling. 
However, no specific Tier III laboratory tests have been developed for the case of 
direct mechanical disposal. The testing procedures described here for hydraulic 
disposal may be used in the interim for the case of mechanical disposal and are 
considered conservative for such evaluations. 

4.1.3 Regulatory Considerations 

As discussed in Chapter 1, CDP effluent is administratively defined as the 
discharge of dredged or fill material into waters of the United States and is subject 
to regulation under CW A Section 404. The fact that the effluent is nationwide 
permitted at 33 CPR 330.5(16) does not relieve applicants from Corps of 
Engineers pennits, nor does it relieve the Corps when undertaking dredging 
projects from ensuring that effluent does not violate applicable water quality 
standards. Specifically, the nationwide permit requires that a water quality 
certification be obtained from the appropriate agency, whether it be the State, 
tribe, or EPA in some cases. 

In those instances where the effluent receives CWA Section 401 Water 
Quality Certification and there is no reason to believe that there will be 
contaminants released from the effluent during the filling operation and 
subsequent release of ponded water from CDP management, no further evaluation 
of effluent is needed. 

4.1.4 Mixing Zones 

The evaluation of effluent discharges should consider the effects of mixing 
and dispersion (Section 2.3.3). Mixing zones are normally defined by the State 
regulatory agency as part of the CW A Section 401 Water Quality Certification 
requirements. When effluent enters receiving waters, it is dispersed by natural 
physical processes so that the concentration decreases spatially and temporally 
beyond the point of entry. This phenomenon is important in determining the 
potential for effects, because effects depend on both the concentration to which 
organ isms are exposed and the length of time for which they are exposed. Effects 
are generally less at lower exposure concentrations or shorter exposure times, and 
for each COC there are exposure time-concentration combinations below which 
effects do not occur. The P ederal regulations implementing Section 404(b )( 1 ), 
Clean Water Act (40 CPR 230), recognize this and explicitly provide for 
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consideration of mixing in evaluating dredged material releases, as does the 
MPRSA. 

Mixing calculations describe the spatial and temporal boundaries within 
which the discharge will reach the water quality standards (WQS). If these 
boundaries are within the established mixing zone limits, there should not be an 
effect. If these boundaries exceed the established mixing zone limits, there may 
be an effect. 

Procedures for evaluation of initial mixing are presented in Appendix E. 

4.1.5 Data Requirements 

Data requirements for effluent evaluations include those pertaining to 
operational considerations (i.e., CDF site characteristics and dredge 
characteristics) and those pertaining to the properties of the dredged material (i.e., 
contaminant release characteristics and sedimentation characteristics). Data 
relating to operational considerations are usually determined by the disposal area 
design and by experience in dredging and disposal activities for the project under 
consideration or for similar projects. Data relating to the dredged material 
characteristics are obtained by sampling and testing the sediments to be dredged. 

The process described in Section 3.4 should identify the case-specific effluent 
COC for effluent quality evaluations in all tiers. In addition to typical 
contaminants, WQS may exist for nutrients and physical parameters such as 
temperature, dissolved oxygen, pH, and turbidity or total suspended solids (TSS ). 
Chlorides should be considered a potential COC whenever there is the potential 

for effluent from saline dredged material to enter a fresh water system. If the 
effluent pathway is of concern from the standpoint of contaminants, the retention 
of TSS within the CDP is of paramount importance, and TSS andior turbidity 
should be considered a COC for the effluent pathway. Effluent elutriate tests and 
column settling tests provide the remaining data required for prediction of the 
quality of the effluent in Tier III. A summary of the data requirements for effluent 
quality prediction is given in Table 4-1. 
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Table 4-1 
Summary of Data Requirements for Prediction of the Quality of 
Effluent from Confined Dredged Material Disposal Areas 
Data Required Symbol Source of Data 

Dredge inflow rate 0; Project information; site design 

Dredge inflow solids concentration C; Project information; site design 

Ponded area in disposal site Ap Project information; site design 

Average ponding depth in disposal site and at the 
Dp, Dpw Project information; site design 

weir 

Hydraulic efficiency factor HEF 
Dye tracer or theoretical 
determination 

Effluent total suspended solids concentration SSett Laboratory column settling tests 

Dissolved concentration of contaminant in effluent cdiss Effluent elutriate tests 

Fraction of contaminant in the total suspended 
Fss Effluent elutriate tests 

solids in effluent 

*This summary includes only those data required for effluent quality prediction. It is assumed that 
the disposal area under consideration is designed for effective sedimentation and storage capacity. 
Data requirements for such design or evaluation are found in EM 1110-2-5027 (Headquarters, 
USAGE 1987). 

4.1.6 CDF Design for Dredged Material Retention 

When the quality of the effluent from a CDF is of concern, the design, 
operation, and management of the site should be carefully managed to ensure 
retention of TSS within the CDF. This includes aspects relating to both the 
volume required for effective sedimentation and the storage capacity of the site. 
Procedures for such evaluations are presented in Engineer Manual 1110-2-2-5027 
(Headquarters (HQ), USACE 1987) a copy of which is included in Appendix K), 
and should be considered prior to the evaluations of potential effluent contaminant 
impacts for the project. These design procedures will determine the surface area 
and ponding depth required to achieve effective sedimentation, the required 
containment volume for storage (including required freeboard), and the proper 
sizing of weir structures. The prediction of the quality of the effluent is an exten
sion and refinement of these design procedures. A list of data items required from 
the design evaluation is shown in Table 4-1. 

4.1. 7 Summary of Tiered Evaluations for Effluent 

A flowchart illustrating the tiered evaluation for effluent is shown in Figure 
4-2. It should be noted that two types of evaluations of effluent may by required: 
1) an evaluation of water quality to detennine if applicable water quality standards 
will be met, and 2) an evaluation of water column toxicity. Each of these aspects 
involves separate evaluation and testing as appropriate. 

If a decision regarding effluent cannot be reached based on the evaluation of 
existing information in Tier I, Tier II provides methods for effluent screening 
based on conservative assumptions. Tier HI provides methods for column settling 
tests for evaluation effluents TSS, effluent elutriate tests (EET) for evaluating 
potential effluent water quality, and methods for conducting effluent water 
column toxicity tests. The toxicity evaluations are appropriate if there are COC 
for which WQS have not been established, or interactive effects of COC are of 
concern. 
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Figure 4-2. Flowchart illustrating tiered evaluation approach for the effluent pathway 
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The chemical and biological evaluations in Tier II and Tier III will be 
sufficient for evaluation of effluent discharges in the vast majority of cases. As 
with all pathways, Tier JV evaluations would involve consideration of effluent 
within the framework of a risk assessment. 

The procedures in the various tiers can be applied to evaluate the performance 
of existing CDFs and to design new CDFs. For existing CDFs, the techniques can 
be used to predict the effluent quality for a given set of anticipated operational 
conditions (known flow and containment area size). In a similar manner, the 
required operational conditions for a new CDF (size, geometry, maximum 
allowable dredge size, etc.) can be determined to meet a given effluent quality 
requirement by comparing the predicted effluent quality for a variety of assumed 
operational conditions. In either case, evaluation of effluent quality can only be 
considered in conjunction with a sound design of the CDF for retention of 
suspended solids and initial storage of the sediments to be dredged. 

4.1.8 Sampling Requirements 

Note that water from the dredging site is used in the Tier III EET for 
evaluation of effluent discharges. Dredging site water is used since the effluent 
discharge only involves a small fraction of dredged material solids and the 
fractionation of contaminants to the dissolved phase will be influenced primarily 
by characteristics of the dredging site water. Note that disposal site receiving 
water samples should also be taken and analysed to evaluate mixing. 

4.2 Tier I - Initial Evaluation of Effluent 

The Tier I evaluation for a proposed project (see Chapter 3) will result in 
determination of the need for contaminant evaluations, identification of pathways 
of concern, identification of contaminants of concern, and decisions based on 
existing information. 

It is important to consider prior evaluations of the effluent pathway in Tier I to 
determine if additional evaluations are needed. For example, if prior tests or 
evaluations are available, and project conditions and dredged material 
characteristics are unchanged, new evaluations would not be required. 

After consideration of the Tier I effluent quality information, one of the 
following conclusions is reached for effluent (Figure 4-2). 

1. Information is sufficient to reach a decision without further evaluation. 

2. Information is not sufficient to reach a decision regarding effluent quality. 
Conduct Tier II and/or Tier III evaluations. 
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4.3 Tier II - Water Quality Screens for Effluent 

The Tier II effluent evaluations focus on the evaluation of water quality of the 
effluent and include two procedures and evaluation of initial mixing as an integral 
part of the effluent quality evaluations. The Tier II procedures rely on bulk 
sediment data for the proposed dredged material. If adequate bulk sediment data 
are not available, samples should be collected and the bulk sediment chemistry 
should be detennined. It is possible to skip Tier II and go directly to the Tier III 
effluent elutriate test. However, this is not an efficient use of resources in most 
cases, since bulk sediment data are also needed for Tier II evaluations for the 
other pathways. 

4.3.1 Tier II - Effluent Quality Screen - Assumed Total Dissolved 
Release 

A screening procedure based on the assumption of total dissolved release of 
COC in effluent was developed for the ITM and is included here for the sake of 
completeness and consistency. This screening procedure is highly conservative, 
in that it grossly over-predicts the concentrations of COC in effluent. 

The procedure involves a determination of whether the WQS, after consid
eration of mixing, would be met if the bulk concentration of COC present in the 
sediment were to be completely dissolved in the water flowing into the CDF and 
discharged as effluent from the disposal site. 

The COC that would require the greatest dilution is determined by calculating 
the dilution that would be required to meet the applicable WQS. To determine the 
dilution (D) the following equation is solved for each COC: 

D = [(C x SSilOOO) - Cwq] I (Cwq - Ccts) 

where 

Cs = concentration of the COC in the dredged material expressed as 
micrograms per kilogram (µg/Kg), on a dry weight basis; 

SS= suspended solids concentration in the CDF inflow expressed as grams 
per liter (g/L); 

1000 = conversion factor, g to Kg; 

Cwq ~ WQS in micrograms per liter (µg/L); and 

eds~ background concentration of the COC at the disposal site in micrograms 
per liter (µg/L). 

The mixing zone evaluation is then made for the COC that would require the 
greatest dilution. 

After consideration of the Tier II total release screen, one of the following 
conclusions is reached for effluent (Figure 4-2). 
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1. Information is sufficient to reach a decision. This is the case when WQS 
exist for all COC and are met for all COC after consideration of mixing. 
No further effluent evaluations are necessary. 

2. Information is not sufficient to reach a decision. This is the case when 
WQS are exceeded for one or more COC after consideration of mixing. 
Conduct the effluent equilibrium partitioning screen (Section 4.3.2), and/ 
or if applicable WQS are not available or there is concern about 
interactive effects, go to the Tier III toxicity evaluation. 

4.3.2 Tier II - Effluent Quality Screen - Equilibrium Partitioning 

The second Tier II evaluation for effluent is based on equilibrium partitioning 
principles and conservative (i.e., err on the side of environmental protection) 
application of design and operating principles for CDFs (Schroeder, Olin Estes, 
and Palermo in preparation). The equilibrium partitioning screen is based on the 
maximum COC concentrations that could possibly result from the dredged 
material effluent, considering the concentrations of dredged material solids in the 
ponded water and effluent, the bulk concentration of contaminants in the dredged 
material, the initial mixing of effluent in receiving waters, and applicable WQS. 
Separate procedures are available for evaluating effluent releases from both 
mechanically dredged and hydraulically dredged or offloaded sediments. 

The effluent equilibrium partitioning procedure utilizes an electronic 
spreadsheet for the calculations. Project-specific information regarding the method 
and rate of CDF filling and dredged material properties is entered in the 
appropriate cells of the effluent tab of the spreadsheet. The evaluation uses these 
data and default values for pertinent variables to calculate a predicted maximum 
effluent concentration of contaminants. The results are compared to WQS. The 
spreadsheet, along with documentation, can be downloaded as an Automated 
Dredging and Disposal Alternatives Modeling System (ADDAMS) module from 
the USACE DOTS website atwww.wes.army.mil/el/dots. If desired, equations for 
performing the calculations manually are also available (Schroeder, Olin-Estes, 
and Palermo in preparation). 

4.3.3 Tier II - Effluent Decisions 

After consideration of the Tier II effluent equilibrium partitioning evaluation, 
one of the following conclusions is reached (Figure 4-2). 

1. Information is sufficient to reach a decision regarding effluent quality. In 
this case either: 

a. WQS exist for all COC and are met for all COC after consideration of 
mixing. No further effluent evaluations are necessary. 

b. WQS are exceeded for one or more COC after consideration of 
mixing, and information is sufficient such that management actions 
should be considered. A decision to implement management actions 
for effluent, such as operational modification or effluent treatment, 
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may require more detailed infonnation prior to design of such actions. 
If management actions are selected, no further effluent evaluation is 
necessary. 

2. Information is not sufficient to reach a decision, which includes cases 
where: 

a. WQS are exceeded for one or more COC after consideration of 
mixing, and more detailed information is desired for a decision 
regarding WQS. 

b. There are no applicable WQS or there is concern about interactive 
effects. 

In either of these cases, further evaluation in Tier III, or management actions 
as an alternative to further evaluation, should be considered. A decision to 
implement management actions for effluent may require more detailed 
information for design of such actions. If management actions are selected, no 
further runoff evaluation is necessary. 

In determining the potential level of concern regarding interactive effects, the 
number and classes of COCs that may be exceeded and the relative degree of 
exceedences should be considered. Interactive effects may be purely additive, 
synergistic (the resulting effect is greater that the sum of the effects stemming 
from individual COCs), or antagonistic (the resulting effect is less that the sum of 
the effects stemming from individual COCs). WQS were developed for single 
contaminants. Where several are present and are close to WQS, especially if they 
are the same class of contaminants (metals, chlorinated organics, metal-organic 
complexes, nonpolar organics, etc), interactive effects may be of concern. 

4.4 Tier Ill - Effluent Water Quality and Toxicity 
Evaluations 

If Tier III is entered from Tier II because there was not sufficient information 
to make a decision about WQS, the evaluation of water quality should proceed as 
described in Sections 4.4.1 through 4.4.5. If Tier III is entered from Tier II 
because of the absence of applicable WQS or because of concern about interactive 
effects, the evaluation of toxicity should proceed as described in Sections 4.4.6 
through 4.4.8. 

4.4.1 Tier Ill - Effluent Total Suspended Solids Evaluation 

If Tier III is entered for WQS evaluation, TSS and/or turbidity should be 
evaluated as a COC. A Long Tube Column Settling Test (LTCST) is conducted 
for the Tier III evaluation ofTSS in the effluent. The LTCST measures the 
effluent TSS for anticipated ponding and operational conditions (Averett, 
Palermo, and Wade 1988; Montgomery, Thackston, and Parker 1983; and 
Palermo and Thackston 1988c). This test is conducted in an 8-inch diameter, 
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8-foot-long column as shown in Figure 4-3. Also, if WQS for total or whole 
water concentrations are applicable, the column settling test is also required for 
the Tier III effluent water quality evaluation. Since the column test is also used 
for engineering design of the CDF for storage and solids retention (Section 4.1.6), 
in most cases, the column test will be conducted even if no WQS exist for effluent 
total suspended solids, turbidity, or whole water contaminants. Detailed 
procedures for the L TCST are provided in Appendix B and also in Engineer 
Manual 1110-2-5027 (HQUSACE 1987). A copy of EM 1110-2.5027 is also 
included in Appendix K. 

Figure 4-3. Photo of 8-inch settling column test 

4.4.2 Tier Ill - Effluent Water Quality Evaluation - Effluent Elutriate 
Test (EET) 

The Tier III evaluation of effluent water quality is based on a laboratory 
elutriate simulation of the effluent discharge. This effluent elutriate test' (EET) is 
designed to account for the settling processes and geochemical changes occurring 

1 The effluent elutriate test (EET) has been called the "modified elutriate" in earlier 
literature to distinguish it from the "standard elutriate" test, which is applicable to open 
water discharges. The lerm "efl:luenl elulriate lest" is used in this manual and in the ITM 
for elutriate evaluations of CDF effluent, and the term "open water elutriate" is used in 
the ITM instead of the term "standard elutriate" to describe the procedure for the open 
water evaluations. 
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in the CDP supernatant water during active disposal operations (Palermo 1985a-d; 
Palermo and Thackston 1988a and b). EET results define the concentration of 
COCs discharged from the CDP (i.e., over the weir structure), therefore an 
evaluation of initial mixing should be conducted (Appendix E) prior to 
comparisons with WQS. 

Figure 4-4 is a photo of a typical laboratory setup for the EET. Sediment and 
water from the dredging site are mixed into a slurry with a solids concentration 
equivalent to that expected in the CDF inflow. The slurry is placed in 4-L 
cylinders and aerated for 1 hour to ensure that oxidizing conditions will be present 
during the subsequent settling phase. The aerated slurry is allowed to settle for a 
time period equivalent to the expected field mean retention time in the CDP, up to 
a maximum settling time of 24 hour. The supernatant water is extracted from the 
cylinders and analysed as the effluent elutriate. The results may then be compared 
with applicable water quality standards after consideration of initial mixing. 

Figure 4-4. Photo of typical laboratory setup for the effluent elutriate test 

Depending on the basis of applicable WQS (Section 2.3 .2 ), the prediction of 
the quality of effluent from CDFs accounts for the dissolved concentration of 
contaminants and may also consider that fraction associated with the released total 
suspended solids. If the WQS are applied to dissolved concentrations, the effluent 
elutriate samples are analysed for dissolved contaminants only, and the results are 
compared to WQS after consideration of initial mixing (this approach is identical 
to that for effluent in the ITM). 

If the WQS are applied to whole water concentrations, both the EET and 
LTCST are required. For this evaluation, the EET determines the contaminant 
partitioning between dissolved and particulate phases, while the LTCST 
determines the total particulates (TSS) in the effluent. In this case, the EET 
samples are analysed for TSS concentration and for both dissolved contaminants 
and total concentrations of contaminants, allowing for detennination of both 
dissolved and particle-associated contaminant concentrations. Using results from 
both the EET and an estimate of effluent TSS from the LTCST, a mass balance 
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calculation for prediction of the total concentration of contaminants in the effluent 
can be made. 

Comparisons of predicted concentrations based on laboratory tests with water 
quality standards should also consider background concentrations in receiving 
waters and the detection limits used in the tests. If background concentrations 
exceed the standards, a specified percentage above background may be considered 
in determining a dilution requirement (in this case, mixing to concentration 
slightly above background, say 1 0 percent, would not be expected to result in 
unacceptable adverse impacts). Considering predicted concentrations in effluent, 
standards, background, and detection limits, a number of different cases may 
apply in interpretation of the comparisons and dilution factor required. These 
cases are illustrated in Figure 4-5 and are considered in the EFQUAL program 
(Section 4.4.4). 

Detailed procedures for conducing the EET and L TCST and calculations for 
prediction of effluent quality are provided in Appendix B. 

4.4.3 SETTLE - Computer-Assisted Settling Data Analysis 

The SETTLE application (Hayes and Schroeder 1992) of the Automated 
Dredging and Disposal Alternatives Modeling System (ADDAMS) suite of 
computer programs (Schroeder and Palermo 2000) provides a computer program 
to assist users in the design of a CDP for solids retention and initial storage in 
accordance with the design procedures in Engineer Manual 1110-2-5027 (HQ, 
USACE 1987). SETTLE performs the necessary calculations for prediction of 
effluent TSS concentrations for given CDP ponding and flow rate conditions, and 
a relationship between CDP retention time and effluent TSS can be developed. 
The laboratory column settling test is an integral part of these design procedures, 
and the data from the L TCST are required in order to use this application. The 
SETTLE application, along with documentation, is included in this manual as 
Appendix E and can also be downloaded from the USACE DOTS website at 
www.wes.army.mil/el/dots. If desired, manual data analysis procedures for CDP 
design using the column settling test data are available (EM 1110-2-5027 (HQ, 
USACE 1987); Appendix B Inland Testing Manual (EPA/USACE 1998; and 
Palermo 1985a-d)). 

Chapter 4 Effluent During Disposal Operations 

ED_013073_00000029-00073 

4-13 



4-14 

KE)' 
P*AA[OICTEO CONC.. l.•OtTI:CllON LIMIT 
S•ST ANOA;RO t.MJIU.lHON RATIO 
!NiAC~GROuMJ CONC. NP•OU.VfXJN NOT 

POSS!Ell.E OR 
PRACT!CM. 

(! .• 0 $1' ANOAAO ~Et WtlHOUl 
OILUTKIN 

:it•IJSER SPEClflEO RATIO, 1.1 
REC-OmlU©ED 

. 

CAS£ 1 

Ll S i:hO 

5 

l 

1;;1 Dl •Os . 
_Jj~~~ -~~~~~'"-~ .......... 1 

CAS'. Z. L>S 
L ls O•·O L>f' 

f'!)L "---~· 

s 

8 

P5_-B _,__I ~~:_· .. ·· 
5

_S:!!P___.>S I D OrJ 

Figure 4-5. Possible conditions for comparison of effluent concentrations with 
standards 

4.4.4 EFQUAL - Computer-Assisted Analysis of Effluent Water 
Quality 

The EFQUAL application (Palermo and Schroeder 1991) of the ADDAMS 
suite of computer programs (Schroeder and Palermo 2000) provides a computer 
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program to assist in the analysis of effluent elutriate data and the comparisons 
with WQS. The EFQUAL application considers and tabulates the EFQUAL 
application, along with documentation, and can be downloaded from the USACE 
DOTS website at www.wes.army.mil/el/dots. If desired, data analyses procedures 
for reducing effluent elutriate data and comparison of effluent with WQS using 
manual calculations are available (Appendix B; Appendix B of the ITM 
(EPA/USACE 1998); and Palermo 1985 a-d). 

4.4.5 Tier Ill - Effluent Elutriate - Water Quality Decision 

After consideration of the Tier III effluent elutriate water quality information, 
to include consideration of initial mixing, one of the following conclusions is 
reached (Figure 4-2): 

1. Infonnation is sufficient to reach an effluent decision regarding water 
quality. In this case either: 

a. WQS exist for all COC and are met for all COC after consideration of 
mixing. No further effluent evaluations are necessary. Or, 

b. WQS are exceeded for one or more COC after consideration of 
mixing, and management actions should be considered. 

2. Information is not sufficient to reach a decision, which includes cases 
where there are no applicable WQS or there is concern about interactive 
effects. Evaluation of effluent toxicity, or management actions as an 
alternative to further evaluation should be considered. If management 
actions are selected, no further effluent evaluation is necessary. 

In detennining the potential level of concern regarding interactive effects, the 
number and classes of COCs that may be exceeded and the relative degree of 
exceedences should be considered. Interactive effects may be purely additive, 
synergistic (the resulting effect is greater that the sum of the effects from 
individual COCs), or antagonistic (the resulting effect is less that the sum of the 
effects from individual COCs). WQS were developed for single contaminants. 
Where several are present and are close to WQS, especially if they are the same 
class of contaminants (metals, chlorinated organics, metal-organic complexes, 
nonpolar organics, etc), interactive effects may be of concern. 

4.4.6 Tier Ill - Effluent Toxicity Evaluation 

Effluent toxicity should be evaluated in Tier III if there are COC for which 
there are no WQS or if there is concern regarding potential interaction of multiple 
contaminants. Bioassays provide information on the toxicity of contaminants not 
included in the WQS and indicate possible interactive effects of multiple 
contaminants. Tier III provides for evaluations of effluent toxicity based on use 
of the effluent elutriate as a medium to conduct water column toxicity tests. 
Tier III toxicity testing assesses the potential toxicity of effluent to appropriate 
sensitive water column organisms. As with chemical evaluations of effluent quality, 
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the results of the water column toxicity tests should be interpreted considering the 
effects of mixing (Appendix E). 

The evaluation uses the effluent elutriate to determine the potential toxicity of 
effluent from the proposed operation. Results should be interpreted with 
consideration of mixing. The toxicity test medium is effluent elutriate prepared to 
simulate the whole effluent (i.e., not filtered). Detailed guidance for preparing the 
effluent elutriate for use in toxicity tests is provided in Appendix B. 

Conventional water column toxicity test procedures are used to evaluate 
effluent toxicity in the water column. The toxicity tests involve exposing test 
organisms to a dilution series containing both dissolved and suspended 
components of the simulated effluent prepared with the elutriate procedure as 
described above. The test organisms are added to the exposure chambers and 
exposed for a prescribed period (usually 96 hours though some tests, e.g., bivalve 
larvae, may be run for shorter periods). The surviving organisms are examined at 
specified intervals and/or at the end of the test, and the concentration at which the 
test material produces an effect, if it does so, is determined. The results of the 
water column toxicity test are expressed in terms of the LC50 or EC50 expressed 
as a percentage of the original (i.e., 100 percent) effluent elutriate concentration. 
This result is then compared with the concentration of the effluent at the boundary of 
the allowable mixing zone to determine the acceptability of the effluent discharge. 

The detailed procedures for conducting the water column toxicity tests with 
the effluent elutriate described above are provided in the ITM (EPA/USA CE 
1998). 

4.4.7 lAT-E - Computer-Assisted Effluent Toxicity Evaluation 

The LAT-E application (Brandon, Schroeder, and Lee 1997) of the 
ADDAMS suite of computer programs (Schroeder and Palermo 2000) provides a 
computer program to assist in the analysis of effluent toxicity. The LAT-E 
application, along with documentation, can be downloaded from the USA CE 
DOTS website at www.wes.army.mil/el/dots. If desired, manual data analyses 
procedures for evaluation of effluent toxicity are available in the ITM 
(EPA/USACE 1998). 

4.4.8 Tier Ill - Effluent Toxicity Decision 

After consideration of the Tier III effluent toxicity information, one of the 
following conclusions is reached (Figure 4-2): 

1. Information is sufficient to reach a decision regarding effluent toxicity. In 
this case either: 

a. The effluent toxicity poses no risk after consideration of mixing, and 
no further effluent evaluations are necessary. 
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b. The effluent toxicity poses a risk after consideration of mixing, and 
management actions should be considered. If management actions 
are selected, no further effluent evaluation is necessary. 

2. Information is not sufficient to reach a decision regarding effluent 
toxicity. The case-specific risk from effluent should be detennined in 
Tier IV, or management actions as an alternative to further evaluation 
should be considered. If management actions are selected, no further 
effluent evaluation is necessary. 

4.5 Tier IV - Effluent Risk Assessment 
4.5.1 Evaluation 

Tier IV is intended to answer whatever specific, well-defined technical 
questions may remain unanswered after thorough evaluation in earlier tiers. If 
earlier tiers are used properly, Tier IV should rarely be necessary. 

By the nature of the tiered evaluation approach, any technical questions that 
remain unresolved after Tier III can best be answered by a detailed, case-specific 
evaluation. By their very nature, detailed case-specific evaluations are not 
amenable to the kind of generic guidance that can be presented in a national 
manual. They require individual design to address unique technical questions 
under site-specific conditions. 

The best approach for Tier IV is usually a case-specific risk assessment. 
Detailed guidance for conducting risk assessments for CDFs in Tier IV can be 
found by Cura, Wickwire, and McArlde (in preparation). The infonnation 
generated in Tiers I through JU should be used to the maximum extent technically 
justified throughout the Tier IV risk assessment. 

4.5.2 Tier IV Effluent Decision 

After consideration of the Tier IV effluent evaluation results, all relevant 
information is available and no further evaluation is possible. One of the 
following conclusions is reached. 

1. No management actions are required. 

2. Management actions should be considered. A decision to implement 
management actions for effluent, such as operational modification or 
effluent treatment, may require more detailed information prior to design 
of such actions. 

4.6 Effluent Management Actions 

If the testing and associated analysis of the effluent pathway indicates applicable 
WQS or toxicity concerns will not be satisfied after consideration of mixing, 
appropriate management actions may be considered to reduce effects. These may 
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include actions such as modification of the operation (e.g., use of a smaller dredge 
with reduced inflow rate, providing increased ponded area and depth of the CDF, or 
relocation of the inflow and effluent discharge points), treatment or filtration of 
effluent to reduce the concentration of suspended solids and associated contaminants 
in the effluent, and treatment of effluent to remove dissolved contaminants. 
Additional information on management actions and references for detailed guidance 
on implementation are found in Chapter 10 of this manual. 
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5 Surface Runoff After 
Disposal Operations 

5.1 General Considerations 

Runoff is the water and associated suspended and dissolved materials released 
from island, nearshore, or upland CDFs resulting from precipitation events on 
exposed dredged material. The tiered structure of evaluation procedures for 
surface runoff is similar to that for effluent. Like effluent, runoff typically enters 
nearby surface water but may be released onto the surface of the adjacent soil. 
Unlike effluent, which is generated only during the disposal and initial dewatering 
of dredged material, runoff is a long-term pathway that exists as long as the dredged 
material surface is exposed to precipitation and there is a discharge of runoff from 
the CDF. 

The runoff evaluation procedures generally consider worst-case scenarios in 
the evaluation of runoff release: 

l. Newly placed dredged material that is easily eroded during precipitation 
events. 

2. Oxidized, older material subject to increased solubility of metals. 

3. No vegetative cover. 

4. Direct discharge of generated runoff water. 

5. Intense precipitation event equivalent to rainfall of 5.08 cm (2 in.) per 
hour. 

Considerations of runoff retention through ponding, effects of vegetation, and 
low precipitation rates are currently not incorporated into the evaluation process. 
These and other considerations will be included in the evaluation process as the 
runoff pathway evaluation procedures are further developed. 
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5.1.1 Runoff Processes 

The runoff pathway is of potential concern as soon as the water ponded 
during placement is decanted and the dredged material is exposed to precipitation 
and continues as long as the dredged material surface is exposed through the life 
of the CDF. A schematic of CDF conditions and fate of runoff water in a CDF is 
shown in Figure 5-1. Immediately after disposal and initial decanting processes, 
resuspension of newly placed dredged material through the process of 
precipitation impact on the dredged material surface will generate runoff water 
similar to effluent water produced during filling. Suspended solids in the runoff 
can range up to 10 g/L during this stage, and most contaminants will be associated 
with these suspended solids. Most heavy metals will be low in the dissolved 
phase and high nutrient levels associated with anaerobic conditions in the dredged 
material will still be present. If CD F weirs are boarded such that they provide 
retention of runoff prior to discharge, TSS in runoff will be reduced. 
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Figure 5-1. Illustration of the CDF surface runoff process 

5-2 

Once the dredged material surface is exposed, the material begins to dry and 
oxidize. Runoff quality from dried and oxidized dredged material may differ 
significantly from the effluent water quality during dredged material disposal. For 
instance, some metals become very soluble once dredged material oxidizes, and 
simply controlling suspended solids discharges in runoff will not control the 
discharge of metals in runoff released from the CDF. Since effects on runoff 
quality, such as ponding and runoff rates, are variable because of site management 
and climatic conditions, the runoff evaluation presently only considers direct, 
uncontrolled discharge in the testing process. 
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5.1.2 Influence of CDF Design and Operation on Runoff 

The method of filling can affect the erosiveness of the dredged material, the 
rate of runoff, and resulting suspended solids generation. Hydraulic disposal 
tends to provide a smoother surface while mechanical disposal from a conveyor or 
truck tends to provide a rougher surface unless altered by grading equipment. 
Most runoff studies to date have addressed the hydraulic disposal option. No data 
have been gathered to determine if there is any significant difference in runoff 
characteristics as a result of mechanical disposal. It is assumed that although 
suspended solids generation may be different between disposal options, the effects 
on soluble contaminants would not be significantly affected and the current testing 
approach is suitable for both. 

5.1.3 Regulatory Considerations 

If there is a reason to believe that surface water runoff might contain 
contaminants, evaluations using this chapter will be required. As defined, surface 
water runoff is considered as a discharge of dredged material to waters of the 
United States and is subject to the same nationwide permit as effluent discharge, 
requiring Section 401 Water Quality Certification. The water quality certification 
issues for surface runoff should be addressed at the same time that certification is 
obtained for the effluent discharge. 

In addition to typical contaminants, WQS may exist for nutrients and physical 
parameters such as turbidity or TSS. Chlorides should be considered a potential 
COC whenever there is the potential for runoff from saline dredged material to 
enter a fresh water system. 

5.1.4 Mixing Zones 

As for effluent, the evaluation of runoff discharges should consider the effects 
of mixing and dispersion. Mixing zones are normally defined by the State 
regulatory agency as part of the CW A Section 401 Water Quality Certification 
requirements. When runoff enters receiving waters, it is dispersed by natural 
physical processes so that the concentration decreases spatially and temporally 
beyond the point of entry. This phenomenon is important in determining the 
potential for effects, because effects depend on both the concentration to which 
organisms are exposed and the length of time for which they are exposed. Effects 
are generally less at lower exposure concentrations or shorter exposure times, and 
for each COC, there are exposure time-concentration combinations below which 
effects do not occur. The Federal regulations implementing Section 404(b)(l) of 
the Clean Water Act (40 CFR 230) recognize this and explicitly provide for 
consideration of mixing in evaluating dredged material releases. 

Mixing calculations describe the spatial and temporal boundaries within 
which the discharge will reach the WQS. If these boundaries are within the 
established mixing zone limits, there should not be an effect. If these boundaries 
exceed the established mixing zone limits, there may be an effect. 
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5.1.5 Data Requirements 

Data requirements for runoff evaluations include those pertaining to the 
dredged material characteristics and should be obtained by sampling the 
sediments to be dredged and testing them. The process described in Chapter 3 
should identify the COCs for runoff quality evaluations. The dredged material 
characterization data, the simplified laboratory runoff procedure (SLRP), and/or 
the runoff simulatorilysimeter system (RSLS) tests described below provide the 
remaining data required for prediction of the quality of the runoff. The CDF 
surface area, slopes, and precipitation data for the region are also required. A 
summary of the data requirements for runoff quality prediction is given in 
Table 5-1. 

Table 5-1 
Summary of Data Requirements for Prediction of the Quality of 
Runoff from Confined Dredged Material Disposal Areas 
Data Required Source of Data 

Runoff total suspended solids concentration 

Dissolved concentration of COC in runoff Equilibrium Partitioning or SLRP or RSLS tests 

Total concentration of COC in runoff SLRP or RSLS tests 

Fraction of COC in the total suspended solids in 
SLRP or RSLS tests 

runoff 

CDF Surface Area Site information 

CDF Slope Site information 

Precipitation Data National Weather Service 

*This summary includes only those data required for runoff quality prediction. It is assumed that the 
disposal area under consideration is designed for effective sedimentation and storage capacity to 
handle effluent Data requirements for such design or evaluation are found in EM 1110-2-5027 
(HQUSACE 1987). The runoff evaluation assumes the worst case (direct discharge of runoff with no 
retention time), so ponding effects are not considered in the evaluation of results. 

5.1.6 CDF Design for Runoff Control 

When the quality of the runoff from a CDF is of concern, the design, 
operation, and management of the site is important. Because the runoff pathway 
is of concern after filling and initial dewatering operations, CDF management for 
runoff is different than for effluent. However, the storage time required for 
effective sedimentation of TSS in runoff should be considered. Procedures 
described in Engineer Manual 1110-2-2-5027 (HQUSACE 1987) for evaluating 
TSS retention in CDF are generally applicable to runoff. These design procedures 
determine the surface area and ponding depth required to achieve effective 
sedimentation, the required containment volume for storage (including required 
free board), and the proper sizing of weir structures. 

Generally, a CDF designed for effective management of effluent would have 
adequate storage capacity for managing precipitation runoff. However, as the 
dredged material oxidizes and some contaminants become more soluble, simply 
allowing time for settling may not be sufficient to reduce contaminants dissolved 
in runoff. 
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5.1. 7 Overview of Evaluations for Runoff Discharges 

A flowchart illustrating the tiered evaluation for runoff is shO\vn in Figure 5-2. 
It should be noted that two types of evaluations of runoff may by required: 

1. An evaluation of water quality to detennine if applicable water quality 
standards will be met. 

2. An evaluation of water column toxicity. 

Each of these aspects involves separate evaluation and testing as appropriate. 

If a decision regarding runoff cannot be reached based on the evaluation of 
existing infonnation in Tier I, Tier II provides methods for screening based on 
conservative assumptions. Tier III provides tests for evaluating potential runoff 
quality and methods for conducting water column bioassays for evaluating water 
column toxicity for the runoff discharge. The toxicity evaluations are used if there 
are COC for which WQS have not been established, or interactive effects of COC 
are of concern. The Tier II and Tier III evaluations will be sufficient for evaluation 
of runoff discharges in the vast majority of cases. As with all pathways, Tier IV 
evaluations would involve consideration of runoff within the framework of a risk 
assessment. 

The procedures in the various tiers are designed to evaluate runoff for both 
new and existing sites. For new sites, the runoff evaluation can provide 
information necessary to design the CDF to manage runoff water effectively to 
meet water quality standards. For existing sites, additional controls, not part of 
the existing design and management, may need to be added to control rW1off. The 
techniques described in this chapter are designed to evaluate worst-case 
conditions, and specific conditions such as vegetative cover, low precipitation 
intensities and other factors that restrict runoff should be evaluated on a case-by
case basis. Management of runoff should be considered as part of an overall long
term management strategy. 

5.2 Tier I - Initial Evaluation of Runoff 

The Tier I evaluation for a proposed project (Chapter 3) will result in 
determination of the need for contaminant evaluations, identification of pathways 
of concern, identification of contaminants of concern, and decisions based on 
existing information. 

It is important to consider prior evaluations of the runoff pathway in Tier I to 
determine if additional evaluations are needed. For example, if prior tests or 
evaluations are available, and project conditions and dredged material 
characteristics are unchanged, new evaluations would not be required. 

After consideration of the Tier I runoff quality infonnation, one of the 
following conclusions is reached for runoff (Figure 5-2). 
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Figure 5-2. Flowchart illustrating tiered evaluation approach for the runoff pathway 
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1. Information is sufficient to reach a decision without further evaluation. 

2. Infonnation is not sufficient to reach a decision regarding runoff quality. 
Conduct Tier II and/or Tier III evaluations. 

5.3 Tier U - Water Quality Screen for Runoff 

The Tier II screens rely on bulk sediment data of the proposed dredged 
material. If adequate bulk sediment data are not available, samples should be 
collected and the bulk sediment chemistry should be determined. It is possible to 
skip the screens and go directly to the Tier III runoff tests. However, this is not an 
efficient use of resources in most cases, since bulk sediment data are also needed 
for screening evaluations for the other pathways. 

5.3.1 Tier II - Runoff Water Quality Screen - Equilibrium Partitioning 

The screen for runoff is based on equilibrium partitioning principles and 
conservative (i.e., err on the side of environmental protection) application of 
design and operating principles for CDFs (Schroeder, Lee, and Price in 
preparation). The evaluation utilizes site-specific data and default values for 
pertinent variables to calculate a predicted runoff concentration of contaminants. 
The results are compared to water quality standards. 

The surface runoff quality screening protocol, during the early stages of 
drying, is similar to that for effluent quality for hydraulic disposal of dredged 
material in a confined disposal facility and was likewise developed based on the 
equilibrium and mixing boundary conditions. [The protocol produces two 
estimates of the runoff concentration based on these boundary conditions. The 
smaller of the two estimates (smaller calculated sediment contaminant 
concentration meeting standards) is used as the screening criteria.] The 
equilibrium partitioning calculations assume that only a fraction of the metals in 
the sediment is soluble. The fraction varies from metal to metal. 

After the dredged material dries out and becomes oxidized, the surface runoff 
quality screening protocol was developed based on solubility/equilibrium and 
mixing boundary conditions. During drying, the dredged material consolidates 
and forms cracks in the surface of the CDF. Surfaces of the dredged material tend 
to accumulate salt as the pore water moisture evaporates from the surface, leaving 
any salt dissolved in the pore water on the surface of the cracks. Precipitation 
dissolves the salt and removes it from the dredged material. During the drying 
process many metals such as zinc, cadmium, copper, nickel, lead, and mercury are 
converted from poorly soluble metal sulfides formed under reduced, anaerobic 
conditions to more soluble metal salts. Organic contaminants become tightly 
adsorbed onto soil and organic particulates and remain associated with suspended 
solids in surface runoff water. As with effluent, dilution occurring within the 
mixing zone at the point of discharge should be considered in evaluating runoff. 
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An electronic spreadsheet program is available to apply the screens to include 
all necessary calculations. The spreadsheet, along with documentation can be 
downloaded as an ADDAMS module from the USACE DOTS website at 
www.wes.army.mil/el/dots. If desired manual calculation procedures are available 
(Schroeder, Lee, and Price in preparation). 

5.3.2 Tier II - Runoff Water Quality Decision 

After consideration of the Tier II runoff partitioning screen, one of the 
following conclusions is reached for runoff (Figure 5-2). 

1. Information is sufficient to reach a decision regarding runoff quality. In 
this case either: 

a. WQS exist for all COC and are met for all COC after consideration of 
mixing. No further runoff evaluation is necessary. 

b. WQS are exceeded for one or more COC after consideration of 
mixing, and management actions should be considered. A decision to 
implement management actions for runoff, such as placement of 
surface covers or runoff treatment, may require more detailed 
information for design of such actions. If management actions are 
selected, no further rw1off evaluation is necessary. 

2. Information is not sufficient to reach a decision, which includes cases 
where: 

a. WQS are exceeded for one or more COC after consideration of 
mixing, and more detailed information is desired for a decision 
regarding WQS. 

b. There are no applicable WQS, or there is concern about interactive 
effects. 

In either case, further evaluation in Tier III, or management actions as an 
alternative to further evaluation, should be considered. A decision to implement 
management actions for runoff may require more detailed information for design 
of such actions. If management actions are selected, no further runoff evaluation 
1s necessary. 

In determining the potential level of concern regarding interactive effects, the 
number and classes of COCs that may be exceeded and the relative degree of 
exceedences should be considered. Interactive effects may be purely additive, 
synergistic (the resulting effect is greater that the sum of the effects resulting from 
individual COCs), or antagonistic (the resulting effect is less that the sum of the 
effects from individual COCs). WQS were developed for single contaminants. 
Where several are present and are close to WQS, especially if they are the same 
class of contaminants (metals, chlorinated organics, metal-organic complexes, 
nonpolar organics, etc), interactive effects may be of concern. 
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5.4 Tier Ill - Runoff Water Quality and Toxicity 
Evaluations 

If Tier III is entered from Tier II because there was not sufficient information 
to make a decision about WQS, the evaluation of runoff water quality should 
proceed as described in Sections 5.4.1 through 5.4.5. If Tier III is entered from 
Tier JI because of the absence of applicable WQS or because of concern about 
interactive effects, the evaluation of runoff toxicity should proceed as described in 
Sections 5.4.6 through 5.4.8. 

5.4.1 Tier Ill - Runoff Simulation Approaches 

Two laboratory tests are available in Tier III for prediction of runoff quality, the 
Simplified Laboratory Runoff Procedure (SLRP) and the Rainfall Simulator/ 
Lysimeter System (RSLS). The SLRP is a simple and cost-effective batch 
extraction test for runoff quality prediction. The RSLS is a more costly, 
time-consuming, and logistically demanding test in that it requires use of a 
mechanical rainfall simulator and a large volume sediment sample exposed in a soil 
bed (lysimeter) to a simulated rainfall runoff event. The SLRP is a more 
conservative test procedure than the RSLS with respect to the predicted contaminant 
release to the dissolved phase because the procedure exposes all particles in the test 
sample to the extraction, while the RSLS only exposes the surface of the sediment 
sample to the runoff simulation. Since the RSLS makes use of a simulator and 
large-scale movable soil bed, it provides a more accurate simulation of runoff quality 
by accounting for field conditions such as rainfall intensity, CDF slope, surface 
exposure to runoff, and dredged material profile conditions to include crust 
formation and cracking. Based on these considerations, the recommended 
approach for Tier III runoff evaluations is to conduct the SLRP procedure 
initially. If more accurate data are considered necessary prior to a decision, the 
RSLS procedure can then be conducted. 

5.4.2 Tier Ill - Simplified laboratory Runoff Procedure {SLRP) 

The SLRP is a predictive laboratory test consisting of an oxidation and 
suspension simulation of the runoff generated within the CDF (Figure 5-3 ). The 
occurrence of precipitation events on freshly placed dredged material will 
normally produce water quality similar to the effluent during disposal and 
dewatering operations. However, differences in carrier water (receiving water vs. 
precipitation) and other exposure characteristics prevent the effluent data from 
being used to predict precipitation runoff at this time. The SLRP also evaluates 
potential oxidation and increased solubility of metals resulting from long-term 
drying of dredged material. 

Depending on the basis of applicable WQS, the prediction of the quality of 
runoff from CDFs accounts for the dissolved concentration of contaminants and 
may also consider that fraction associated with the released total suspended solids. 
Although total contaminants in runoff are generally not required for water quality 
comparisons, these data can be determined by analysis of unfiltered SLRP 
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elutriates or from analysis of samples of wet, dry, and oxidized sediments using a 
dilution calculation. If no standards for whole water contaminants exist, the runoff 
water only requires analysis of dissolved contaminants. This will be true in most 
cases. 

Figure 5-3. Photo of the Simplified Laboratory Runoff Procedure (SLRP) 
Apparatus 

Predicted dissolved contaminant concentrations based on the results of the 
SLRP can be used with applicable WQS to detennine if the discharge is in 
compliance with the standards after consideration of mixing. The mixing zone 
evaluation is made for the contaminant that would require the greatest dilution. 

Detailed procedures for conducting the SLRP water quality prediction of 
runoff are provided in Appendix C. 

5.4.3 Tier Ill - Rainfall Simulator/lysimeter System (RSLS) 

The Tier III RSLS, shown in Figure 5-4, provides a quantitative evaluation of 
the effects oflong-term drying and oxidation of dredged material on runoff water 
quality. The RSLS procedure uses a mechanical rainfall simulator that accurately 
simulates the kinetic energy and drop pattern distribution of natural rainfall. Wet 
dredged material is placed in a soil lysimeter and is then subjected to rainfall 
simulations at a standard rainfall intensity and duration. Runoff rates are 
detennined and samples are collected during the rw1off period for analysis of 
suspended solids, total and soluble COC. The lysimeter is then covered with a 
transparent, ventilated top and moved outside to allow natural drying and 
oxidation processes to occur. After 6 months of drying, the rainfall simulation is 
repeated on the oxidized material. Conditions of the RSLS procedure can be 
modified to site-specific conditions including precipitation intensity, duration, 
vegetative cover, physical disturbance, etc. to provide realistic, accurate 
assessments of potential water quality problems or effects of treatments or controls 
to improve water quality. 

Detailed procedures for conducting the RSLS test and prediction of runoff 
quality are provided in Appendix C. 
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5.4.4 RUNQUAL Computer-Assisted Analysis of Runoff Quality 

The RUNQUAL application (Schroeder, Gibson, and Dardeau 1995) of the 
ADDAMS suite of computer programs (Schroeder and Palenno 2000) provides a 
computer program to assist in the analysis of runoff test data and the comparisons 
with WQS. The RUNQUAL application, along with documentation, can be 
downloaded from the USACE DOTS website at www.wes.army.mil/el/dots. 

Figure 5-4. Photo of the Rainfall Simulator/Lysimeter System (RSLS) 

Chapter 5 Surface Runoff After Disposal Operations 

ED_013073_00000029-00090 

5-11 



5-12 

5.4.5 Tier Ill - Runoff Water Quality Decision 

After consideration of the runoff Tier III water quality information based on 
SLRP or RSLS results, one of the following conclusions is reached (Figure 5-2): 

1. Information is sufficient to reach a decision regarding water quality 
aspects of runoff. This is this case when WQS exist for all COC and are 
met for all COC after consideration of mixing. No further runoff 
evaluation is necessary. 

2. Information is not sufficient to reach a decision. This may be the case 
when: 

a. SLRP results indicate WQS are exceeded for one or more COC after 
consideration of mixing, and additional information using the RSLS 
test is desired; or 

b. There are no applicable WQS for some COC; or 

c. There is concern about interactive effects. 

Conducting the RSLS, evaluation of toxicity of runoff, or management 
actions as an alternative to further evaluation should be considered. A decision to 
implement management actions for runoff, such as placement of surface covers or 
treatment, may require more detailed information for design of such actions. If 
management actions are selected, no further runoff evaluation is necessary. 

In determining the potential level of concern regarding interactive effects, the 
number and classes of COCs that may be exceeded and the relative degree of 
exceedences should be considered. Interactive effects may be purely additive, 
synergistic (the resulting effect is greater than the sum of the effects from 
individual COCs), or antagonistic (the resulting effect is less than the sum of the 
effects from individual COCs). WQS were developed for single contaminants. 
Where several are present and are close to WQS, especially if they are the same 
class of contaminants (metals, chlorinated organics, metal-organic complexes, 
nonpolar organics, etc.), interactive effects may be of concern. 

5.4.6 Tier Ill - Runoff Toxicity Evaluation 

Runoff should be evaluated for toxicity in Tier III if there are COC for which 
there are no WQS or if there is concern regarding potential interaction of multiple 
contaminants. Bioassays provide information on the toxicity of contaminants not 
included in the water quality standards, and indicate possible interactive effects of 
multiple contaminants. The Tier III runoff toxicity evaluation is based on use of 
simulated runoff samples from the SLRP or RSLS as a medium to conduct water 
column toxicity tests. Tier III toxicity testing assesses the potential toxicity of 
runoff to appropriate sensitive water column organisms. As with water quality 
evaluations of runoff, the results of the runoff toxicity tests should be interpreted 
considering the effects of mixing (Appendix E). 
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The evaluation determines the potential toxicity of the SLRP or RSLS 
simulation of runoff from the proposed operation, considering the times and 
concentrations under which water-column organisms are potentially exposed to 
runoff in the field. The toxicity test medium is SLRP or RSLS samples prepared to 
simulate the whole-water runoff (i.e., not filterd). Detailed guidance for preparing 
the runoff for use in toxicity tests is provided in Appendix C. 

Procedures to evaluate runoff toxicity in the water column are conventional 
water column toxicity tests. The toxicity tests involve exposing test organisms to a 
dilution series containing both dissolved and suspended components of the 
simulated runoff prepared as described in Appendix C. The test organisms are 
added to the exposure chambers and exposed for a prescribed period (usually 96 h 
though some tests, e.g., bivalve larvae, may be run for shorter periods). The 
surviving organisms are examined at specified intervals and/or at the end of the 
test, and the concentration at which the simulated runoff produces an effect, if it 
does so, is detennined. The results of the water column toxicity test are expressed 
in terms of the LCSO or ECSO expressed as a percentage of the original (i.e., 
100 percent) runoff test medium concentration. This result is then compared with 
the concentration of the suspended dredged material at the boundary of the 
allowable mixing zone to determine the acceptability of the runoff discharge. 

The detailed procedures for conducting the water column toxicity tests with 
the runoff described above are those provided for elutriate in the ITM (EPA/CE 
1998). 

5.4.7 LAT-R Computer-Assisted Runoff Toxicity Evaluation 

The LAT-R application (Brandon, Schroeder, and Lee 1997) of the ADDAMS 
suite of computer programs (Schroeder and Palermo 2000) provides a computer 
program to assist in the analysis of runoff toxicity. The LAT-R application, along 
with documentation, can be dmvnloaded from the USACE DOTS website at 
www.wes.army.mil/el/dots. Manual data analyses procedures for evaluation of 
water column toxicity are available in the JTM (EPA/CE 1998). These are 
applicable to water column toxicity tests for runoff and can be used, if desired. 

5.4.8 Tier Ill - Runoff Toxicity Decision 

After consideration of the runoff Tier III toxicity infonnation, one of the 
following conclusions is reached (Figure 5-2): 

1. Jnfonnation is sufficient to reach a decision regarding toxicity aspects of 
runoff. This is the case when runoff toxicity poses no risk after 
consideration of mixing, and no further runoff evaluation is necessary. 

2. Jnfonnation is not sufficient to reach a decision regarding toxicity aspects 
of runoff. This is the case when simulated runoff indicates toxicity after 
consideration of mixing. Further evaluation of toxicity aspects of runoff 
under Tier IV, or management actions as an alternative to further 
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evaluation, should be considered. If management actions are selected, no 
further runoff evaluation is necessary. 

5.5 Tier IV - Runoff Risk Assessment 

5.5.1 Tier IV Runoff Evaluation 

Tier IV is intended to answer whatever specific, well-defined technical 
questions may remain unanswered after thorough evaluation in earlier tiers. If 
earlier tiers are used properly, Tier IV should rarely be necessary. 

By the nature of the tiered evaluation approach, any technical questions that 
remain unresolved after Tier III can best be answered by a detailed, case-specific 
evaluation. By their very nature, detailed case-specific evaluations are not 
amenable to the kind of generic guidance that can be presented in a national 
manual. They require individual design to address unique technical questions 
under site-specific conditions. 

The best approach for Tier JV is usually a case-specific risk assessment. 
Detailed guidance for conducting risk assessments for CDFs in Tier JV can be 
found in Cura, Wickshire, and McArlde (in preparation). The information 
generated in Tiers I through III should be used to the maximum extent technically 
justified throughout the Tier IV risk assessment. 

5.5.2 Tier IV Runoff Decision 

After consideration of the Tier IV evaluation results, all relevant infonnation 
is available and no further evaluation is possible. One of the following 
conclusions is reached. 

1. No management actions are required. 

2. Management actions should be considered. A decision to implement 
management actions for runoff, such as placement of surface covers or 
treatment, may require more detailed information for design of such 
actions. 

5.6 Runoff Management Actions 

If the evaluation indicates that runoff may be a concern after consideration of 
mixing, appropriate management actions may be considered. The runoff pathway 
may require management as long as the dredged material is exposed to precipitation. 
Management should take into consideration the short- and long-term physical and 
chemical changes to dredged material that occur as a result of drying and oxidation. 
Runoff management may include actions such as providing increased ponded area 
and depth to minimize runoff discharge, treatment or filtration of runoff to reduce 
the concentration of suspended solids and associated contaminants in the runoff, 
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treatment of runoff to remove dissolved contaminants, and vegetation management 
to increase infiltration and transpiration. Additional information on management 
actions and references for detailed guidance on implementation are found in 
Chapter 10 of this manual. 
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6 Leachate to Groundwater 

6.1 General Considerations 

Leachate is the water with associated dissolved and colloidal materials that 
seeps through dredged material in a CDF and subsequently through dikes or 
foundation material. Solid particles are not generally transported with the leachate 
and therefore the concerns for leachate quality are limited to the apparent 
dissolved (including fine colloidal fraction) concentrations of contaminant. The 
leachate pathway is perhaps the most technically complex to evaluate, yet it rarely 
is of environmental concern for contaminant migration because of the physical 
characteristics of most dredged materials, the nature of contamination, and the 
isolation characteristics common to most CDFs. Prudent site selection for the 
CDF will eliminate most concerns with leachate. For example, the CDF siting 
process (USEPAiUSACE 1992) should eliminate sites near wells for potable 
water or over freshwater drinking water aquifers for CDFs intended for disposal 
of dredged materials from a saltwater environment. 

This chapter addresses leachate to groundwater as the primary migration 
pathway for leachate. Water ponded over the dredged material that seeps through 
porous dike sections is considered effluent rather than leachate because it does not 
have the characteristics of passing through deposited dredged material. Leachate 
that passes through dredged material and directly enters surface waters is not 
generally a concern with regard to water column impacts, since the rate of flow of 
leachate is so low and the leachate would be mixed and diluted to background 
levels almost immediately. However, if this process is viewed as a concern for a 
specific site, the procedures for prediction ofleachate quality in this chapter are 
applicable. 

It is conceptually possible that leachate from a CDF may reach groundwater 
that may resurface and enter surface water bodies. However, this occurring with 
sufficient leachate concentration to be a concern is not a realistic possibility, and 
is not addressed in the UTM. The character of the leachate would not be expected 
to be significantly different from the effluent from the CDF. As such, if the 
effluent does not pose a problem, the leachate is not likely to pose a problem. If 
this process is viewed as a concern for a specific site, the procedures for 
prediction of leachate quality are applicable. 

Leachate from dredged material placed in a CDF is produced by three 
potential sources: gravity drainage of the original pore water, inflow of 
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groundwater, and infiltration of precipitation. Immediately after dredging and 
disposal, dredged material is saturated (all voids are filled with water). As 
evaporation, consolidation, and seepage remove water from the voids, the amount 
of water stored and available for gravity drainage decreases. Thus, leachate 
generation and transport in a CDF depend on site-specific hydrology and 
geohydrology, engineering controls at the disposal site, dredged material hydraulic 
conductivity, initial water content, and nature of any contaminants in the dredged 
material. The potential leaching pathway and processes are shown in Figure 6-1. 
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Figure 6-1. Illustration of potential CDF leachate pathways 

If there is leachate from upland CDFs, it typically seeps through the vadose 
zone (soil above the water table) and/or the saturated groundwater zone where it 
can affect groundwater quality. Leachate from upland CDFs can also seep 
through the dikes to the surface of adjacent lands but this seepage typically 
evaporates or infiltrates and does not generally pose an environmental concern. If 
the site is situated so that groundwater will flow through the dredged material 
within the CDF (typically, a nearshore CDF), percolating groundwater may be the 
primary source of water through the material. If the CDF is a nearshore or island 
facility, surface water may be in contact with the dredged material as a result of 
fluctuating water levels and transport contaminants from the CDF in a process 
termed "tidal or wave flushing" (Schroeder 2000). 

6.1.1 leachate and Contaminant Transport Considerations 

Contaminant migration via leachate seepage is a porous medium contaminant 
transport problem (Figure 6-2). Solid particles will not migrate with the leachate, 
but the contaminants in the aqueous phase are convected with pore water in the 
dredged material as leachate. As leachate is transported through the porous media 
of the vadose zone, the contaminant concentrations are reduced as the leachate 
passes through cleaner layers of dredged material, foundation soils, and fine
grained soils. This process is called attenuation. The contaminant concentration 
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ofleachate exposed to a receptor (such as a well) is further impacted by disperion 
or mixing as the leachate is transported from the CDP locale to the receptor 
through the coarse-grained layers of an aquifer. In effect, the contaminant 
concentration in the leachate is diluted by the groundwater flow. Attenuation by 
adsorption to organic matter and interactions with fine-grained materials will also 
occur in the aquifer, but the effect is generally small as a result of low 
concentration of organic and clayey materials in the main regions of saturated 
groundwater flow. 
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Figure 6-2. Illustration of the vadose zone, saturated groundwater flow zone, and leachate pathway to 
groundwater receptors 

Leachate generation and transport depend on site-specific hydrology, 
engineering controls at the disposal site, dredged material hydraulic conductivity, 
initial water content, and nature of contaminants. Therefore, evaluation of 
potential leachate impacts will be greatly affected by the nature of the site and the 
engineering controls in place. Varying the engineering controls during the 
evaluation also allows selection of the optimum controls. 

Two aspects ofleachate generation from CDPs are of particular concern: 

1. Leachate contaminant concentrations. If maximum leachate 
contaminant concentrations do not exceed applicable groundwater 
standards, this may be sufficient to indicate no need for leachate 
management actions. However, maximum leachate concentrations 
exceeding such standards, without consideration of leachate flow and 
dispersion, do not provide sufficient basis for a decision to implement 
leachate control measures. 

2. Leachate flow. The flow ofleachate from the CDP and its interaction 
with groundwater flow is the mechanism for migration to a receptor. The 
most significant effect of a CDF leachate management action is in the 
leachate mass flow. For example, mass flow through a 1-m lift of the 
same dredged material will be higher from a 2-ha site than from a 1-ha 
site with the same precipitation and climate. Leachate concentrations at 
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the site boundaries (interface between dredged material and the bottom of 
the CDF) will generally be similar regardless of the leachate management 
actions used. 

Leachate flow in conjunction with leachate contaminant concentration 
determines the mass of contaminant that can potentially leave the site boundaries. 
Contaminant mass leaving the site boundaries is particularly important when 
comparing various leachate management actions such as depth of fill, drainage of 
surface water, collection, and treatment. 

To determine leachate mass flow, site-specific factors affecting leachate 
generation must be considered. After dredging and disposal, dredged material is 
initially saturated (all voids are filled with water). As evaporation and seepage 
remove water from the voids, the amount of water stored and available for gravity 
drainage decreases. After some time, usually several years for conventional CDF 
designs, a quasi-equilibrium is reached in which water that seeps or evaporates is 
replenished by infiltration through the surface. The amount of water stored when 
a quasi-equilibrium is reached and the amount released before a quasi-equilibrium 
is reached depend primarily on local hydrology, dredged material properties, and 
facility design features. To predict time-varying leachate flow, all these factors 
must be considered. 

Preproject estimation ofleachate flow, therefore, requires coupled simulation 
of local weather patterns and hydrologic processes governing leachate generation. 
Important climatic variables include precipitation, temperature, wind, and 
humidity. Important hydrologic processes include infiltration, runoff, and 
evaporation. Important subsurface processes include evaporation from dredged 
material voids and flow in unsaturated and saturated zones. The Hydrologic 
Evaluation of Leachate Production and Quality (HELPQ) model (Aziz and 
Schroeder l 999a and 1999b) can be used to simulate these processes for selected 
disposal scenarios. 

6.1.2 Water Quality Standards for leachate 

It is the position of the USA CE that drinking water standards should be 
considered applicable in evaluation of potential leachate discharges only for CDFs 
constructed over freshwater aquifers with potential for use for drinking water. 
Drinking water standards should not be applied for evaluation of leachate from 
nearshore or island CDFs or upland CDFs constructed near or adjacent to 
shorelines with underlying brackish or saline aquifers. In such cases, comparison 
of potential leachate with applicable surface water standards would be more 
appropriate. 

Section 230.1 O(c), CWA Guidelines, prohibits the discharge of dredged 
material that might cause significant adverse "effects on municipal water 
supplies," and is a guiding principle when determining whether to perform 
leachate evaluations. Unless there are overriding navigation factors outlined in 
Section 404(b )(2), CW A, discharges of dredged material into CDFs should be 
avoided ifleachate evaluations reveal the potential for impacts to municipal water 
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supplies. Chlorides should be considered as a COC for leachate whenever there is 
the potential for leachate from saline dredged material to enter a fresh water 
system. 

6.1.3 Consideration of Attenuation 

The evaluation of leachate should consider the effects of attenuation, mixing, 
and dispersion in the dikes, foundation materials, and aquifer between the dredged 
material and the leachate receptors. The point of compliance for leachate in the 
groundwater is normally defined by the State regulatory agency. 

6.1.4 Data Requirements 

Data requirements for prediction ofleachate quality, summarized in 
Table 6-1, include those pertaining to: 

1. Operational considerations (i.e., CDF site characteristics, site 
management and dredge characteristics). Data relating to operational 
considerations are usually determined by the disposal area design and by 
experience in dredging and disposal activities for the project under 
consideration or for similar projects. 

2. Properties of the dredged material (i.e., contaminant release 
characteristics). Data relating to the dredged material characteristics 
should be obtained by sampling and testing the sediments to be dredged. 

3. Foundation, dikes, and aquifer. Data relating to the foundation, dikes, 
and aquifer are usually determined by site investigation and are typically 
available from the site selection and design evaluation. 

4. Climate. Climatic data are available from the U.S. National Weather 
Service. 
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Table 6-1 
Summary of Data Requirements for Prediction of the Quality of 
leachate from Confined Dredged Material Disposal Areas 
Data Required Source of Data 

Thickness of dredged material 
Project information; site 
design 

Thickness of dikes, vadose zone, and aquifer Sile design; site selection 

Ponded area in disposal site 
Project information; site 
design 

Dredged material solids concentration 
Project information; site 
design 

Grain size distribution of dredged material Project information 

Grain size distribution of foundation soils, dike materials, and aquifer Site selection; site design 

Organic content of dredged material Project information 

Organic content of foundation soils, dike materials, and aquifer Sile selection; site design 

Acid Volatile Sulfides (AVS) and salinity of dredged materials Project information 

Bulk sediment chemistry of dredged materials Project information 

Bulk chemistry of foundation soils Sile selection 

Groundwater velocity Sile selection 

Climate NOAA 

Partitioning coefficients of contaminant in dredged material and 
Leaching tests; literature 

foundation soils 

6.1.5 Disposal Area Design 

When the quality of the leachate from a CDF is of concern, the design, 
operation, and management of the site should be carefully considered. This 
includes aspects relating to the design features, dewatering, and the disposal 
sequence of materials in the CDF. Procedures for such evaluations are presented 
in Engineer Manual 1110-2-2-5027 (HQUSACE 1987) and should be considered 
prior to the evaluation of the leachate for the project. 

6.1.6 Summary of Tiered Evaluations for leachate 

A flowchart illustrating the tiered evaluation for leachate is shown in Figure 
6-3. If a decision cannot be reached in Tier I, Tiers II and III provide evaluation 
methods and laboratory tests for evaluating potential leachate impacts. If a 
decision about leachate cannot be reached in Tiers I through III, a site-specific risk 
assessment is available in Tier IV. 

The Tier II evaluation of leachate quality is a screening procedure based on 
solubility and partitioning. Attenuation and diffusion that will occur in the vadose 
and groundwater zones is considered. Conservative procedures (i.e., those that err 
on the side of environmental protection) are employed in Tier II to identify 
scenarios when testing or testing for some classes of contaminants would not be 
needed. 
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YES 

YES 

Evaluate Existing Information 
For Leachate 

Conduct Screening Evaluations 

Evaluate Attenuation 

NO 

Conduct SBL Tor PCL T Tests 

Evaluate Attenuation 

NO 

Case Specific Study 
Or 

Risk Assessment 

Tier I 

Tier II 

SBL T =Sequential Batch Leach Test 

PCL T = Pancake Column Leach Test 

Tier Ill 

Figure 6-3. Flowchart illustrating tiered evaluation approach for the leachate pathway 
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Tier III provides site-specific laboratory testing and mathematical modeling 
approaches to evaluate leachate quality. Both batch and column leaching tests are 
available. Leachate testing considers concentrations of COC released from the 
dredged material and, after allowance for attenuation and diffusion in the existing 
materials in the CDF, dikes, foundation soils and aquifer, the predicted leachate 
quality (Myers, Brannon, and Tardy 1996; Brannon, Myers, and Tardy 1994). The 
predictive technique can be applied to evaluate the performance of existing sites and 
to design new sites. For existing sites, the technique can be used to characterize the 
leaching and adsorption of contaminants for the existing materials in the CDF. 

6.2 Tier I Leachate Evaluation 

The Tier I evaluation for a proposed project (Chapter 3) will result in 
determination of the need for contaminant evaluations, identification of pathways 
of concern, identification of contaminants of concern, and decisions based on 
existing information. 

It is important to consider prior evaluations of the leachate pathway in Tier I 
to detennine if additional evaluations are needed. For example, if prior tests or 
evaluations are available, and project conditions and dredged material 
characteristics are unchanged, new evaluations would not be required. 

After consideration of the Tier I leachate quality information, one of the 
following conclusions is reached for leachate: 

1. Information is sufficient to reach a decision without further evaluation. 

2. Information is not sufficient to reach a decision regarding leachate 
quality. Conduct Tier II evaluations. 

6.3 Tier II Leachate Quality Evaluations 

If the Tier I evaluation indicates insufficient infonnation for a leachate 
decision, the Tier II leachate quality screening evaluation is appropriate. The 
screening evaluation considers the bulk concentration of contaminants in the 
dredged material and mixing, diffusion, and attenuation in groundwater at the 
disposal site. 

The Tier II leachate screen evaluates leachate quality based on bulk sediment 
data for the proposed dredged material. If adequate bulk sediment data are not 
available, samples should be collected and the bulk sediment chemistry should be 
determined. It is possible to skip the screens and go directly to the Tier JU 
leachate test. However, this is not an efficient use of resources in most cases, 
since bulk sediment data are also needed for screening evaluations for the other 
pathways. 
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6.3.1 Tier II - leachate Quality Screen 

The Tier II leachate screening procedure is based on equilibrium partitioning 
principles and conservative (e.g., environmentally protective) application of 
design and operating variables for CDFs (Myers and Schroeder 2000). The 
evaluation makes use of site-specific data provided by the user and default values 
for pertinent variables to calculate a predicted leachate concentration of 
contaminants in groundwater. 

A computerized spreadsheet program is available to perfonn all necessary 
calculations. The spreadsheet, along with documentation, can be downloaded as 
an ADDAMS module from the USACE DOTS web site at 
www.wes.army.mil/el/dots. If desired, equations for manual screening 
calculations are available (Myers and Schroeder 2000). 

6.3.2 Tier II - leachate Decision 

After consideration of the Tier II leachate partitioning screen, one of the 
following conclusions is reached for leachate: 

1. Information is sufficient to reach a decision. In this case either: 

a. Standards applicable to the intended use of the groundwater (Section 
6.1. 1) exist for all COC and are met for all COC after consideration 
of attenuation. No further leachate evaluation is necessary. 

b. Standards applicable to the intended use of the groundwater (Section 
6.1.1) are exceeded for one or more COC after consideration of 
attenuation, and management actions should be considered. A 
decision to implement management actions for leachate, such as 
design modification or leachate collection, may require more detailed 
information prior to design of such actions. If management actions 
are selected, no further leachate evaluation is necessary. 

2. Information is not sufficient to reach a decision, which includes cases 
where standards applicable to groundwater are exceeded for one or more 
COC after consideration of attenuation, and more detailed infonnation is 
desired for a decision regarding the leachate pathway. Further evaluation 
in Tier III, or management actions as an alternative to further evaluation, 
should be considered. A decision to implement management actions for 
leachate, such as design modification or leachate collection, may require 
more detailed information prior to design of such actions. If management 
actions are selected, no further leachate evaluation is necessary. 

6.4 Tier m - leachate Quality Evaluations 

Tier III leachate quality testing and modeling consist of a number of steps and 
procedures to gather more infonnation on the effects ofleachate and to reduce the 
uncertainty of the results. All of the steps or procedures may not be necessary to 
reach a decision. The testing options and procedures are a function of the 
sediment salinity, the possible presence of Non-Aqueous Phase Liquids (NAPLs), 
CDP site conditions, and the COC. The Tier III laboratory test results serve to 
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estimate dredged material-specific equilibrium distribution coefficients. These 
data establish a "source of strength" or concentration of COC in leachate 
potentially migrating from the CDF. The appropriate leachate test is either the 
Sequential Batch Leaching Test (SBLT), Figure 6-4, or the Pancake Column 
Leach Test (PCLT), Figure 6-5. The choice of which test to conduct is dependent 
on a number of factors. In general, the PCLT should be used for all saltwater 
sediments and sediments containing NAPLs. Either the SBL T or PCLT may be 
used for freshwater dredged materials. Since the SBLT test is a simpler procedure 
and is more cost and time effective than the PCLT, the SBLT test would normally 
be preferred for freshwater sediments. Appendix D contains more detailed 
discussions on selection of SBL T vs. PCLT and appropriate test conditions. 

Figure 6-4. Photo of Sequential Batch Leachate Test setup 

Figure 6-5. Photo of Pancake Column Leach Test setup 
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Evaluation of attenuation of contaminants in the foundation soils and 
estimation of groundwater flow are also an integral part of the Tier III leachate 
quality evaluations. Initial groundwater modeling using site data could improve 
the estimates of attenuation and diffusion in the vadose zone and groundwater 
between the CDP and the receptors. The SBLT and/or the PCLT provide better 
long-tenn estimates of the leachate source strength. Adsorption tests on the 
existing material in the CDP, on liner materials, on the foundation materials in the 
vadose zone, and on dike materials would provide better estimates of attenuation. 
Three-dimensional (3-D) groundwater and contaminant transport modelling could 
improve the prediction of contaminant concentrations at the point of compliance 
or exposed to the receptors as a function of time. 

6.4.1 Tier Ill - Sequential Batch leachate Test (SBL T) 

The SBLT is recommended for leachate testing of freshwater sediments 
(Brannon, Myers, and Tardy 1994). However, major differences in leaching 
characteristics of freshwater and estuarine sediment make it difficult to predict 
leachate quality for estuarine sediments using the SBL T, and it should not be used 
for this purpose. 

In the SBL T, sediment solids are challenged with successive aliquots of 
distilled-deionized water in an agitated system. After the aqueous and solid phases 
have reached steady-state, the phases are separated by centrifugation and 
filtration, and the leachate is analyzed for contaminants of concern. The solid 
phase is then reequilibrated with fresh distilled-deionized water, and the process 
of phase separation and leachate analysis is repeated. Each cycle in the test 
involves an equilibration step, a phase separation step, and a leachate analysis 
step. A table of solid phase and aqueous phase concentrations is developed from 
chemical analysis of the leachates, and these data are plotted to produce 
desorption isotherms. 1 From the desorption isotherms, contaminant-specific 
equilibrium distribution coefficients are obtained (Myers and Brannon 1991). 

Leaching of freshwater dredged materials in the SBL T usually yields a 
classical desorption isotherm, but may also yield other types of partitioning 
coefficients described in Section 6.4.4 for the HELPQ program. The key feature 
of a classical desorption isotherm is a single-distribution coefficient that is 
constant throughout the sequential leaching procedure. The constancy of 
distribution coefficients during leaching of freshwater dredged materials is critical 
to the prediction of leachate quality in CDFs from sequential batch leach test data. 
Detailed guidance for conducting the SBLT is provided in Appendix D. 

1 An isotherm is the measured equilibrium sorption (particle or solids-associated 
concentration) as a function of the fluid phase concentration at a given temperature 
(Rieble 1999). Isothenn is a term commonly used in the environmental engineering 
literature and is derived from the fact that such relationships are developed under constant 
temperature. 
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6.4.2 Tier Ill - Pancake Column Leachate Testing (PCL T) 

A thin-layer, column leach test, called the PCLT, has been developed to 
simulate contaminant leaching in CDFs (Myers, Brannon, and Tardy 1996). This 
test is recommended for leachate testing of estuarine sediments that are dredged 
and disposed in CDFs for which the primary source of water for leaching is low in 
ionic strength (i.e., freshwater). Leaching of estuarine sediments and dredged 
materials with low-ionic strength water results in destabilization of the colloidal 
system as salt is washed out. Colloids and colloid-bound contaminants are 
released. 

The PCL T test is a column leaching test conducted with a column 
configuration of 25 cm (10 in.) in diameter and 4.5 cm ( 1.77 in.) in height, a flat 
shape resembling a pancake. The PCL T column device can be constructed in any 
well equipped machine shop. The pancake design overcomes some of the 
shortcomings of conventionally shaped columns. This design minimizes wall 
effects by having a large column diameter-to-particle diameter ratio, minimizes 
run time for obtaining elution curves by having a short column length, and 
provides sufficient sample volume for chemical analysis since the flow-through 
area is large (Myers and Brannon 1991). 

The PCL T serves as a laboratory-scale physical model of contaminant elution 
from dredged material that includes advection-dispersion, colloid release, and 
other mass transfer effects. Contaminated sediment is mixed, weighed, and 
loaded into the column leach apparatus. Deoxygenated, distilled-deionized water 
is introduced into the loaded column over an extended time interval. Water flow 
is controlled by a constant-volume pump. Leachate samples are collected at 
specified time intervals and are analyzed for COCs. The PCL T results take the 
form of an elution curve rather than an isotherm as for the SBLT. The elution 
curve is then analyzed with a dispersion-advection model to derive partitioning 
coefficients. For saline sediments, the results do not conform to a single 
coefficient. 

Detailed guidance for conducting the PCLT is provided in Appendix D. 

6.4.3 Tier Ill - SBL Tor PCL T Adsorption or Challenge Testing 

Adsorption or challenge testing can be perfonned to examine the attenuation 
expected to occur when the leachate passes through cleaner materials and foundation 
soils. The adsorption or challenge tests are performed in an identical manner as the 
SBLT or PCLT with two exceptions: 

1. Clean materials and foundation soils are used in the test instead of the 
dredged material. 

2. Leachate and/or water spiked with higher concentrations of the COC are 
used as the leach test water. 

The adsorption or challenge tests yield data on the adsorption of contaminants 
on clean materials and attenuation for use in contaminant transport modeling. 
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6.4.4 Tier Ill - Groundwater Modeling 

Leachate testing provides data regarding the water quality ofleachate as it 
migrates from the dredged material at the bottom or sides of the CDF. Leachate 
pathway evaluations should also consider leachate attenuation, mixing, and 
dispersion to determine leachate impacts on a receptor. A variety of groundwater 
attenuation and/or mixing or dispersion models are available for this purpose. 
These include one-dimensional (1-D) models which simulate vertical migration 
and attenuation processes. There are also multidimensional models which may be 
used to simulate more complex groundwater flow conditions. Any validated 
groundwater model can be used to evaluate CDF leachate attenuation. The 
models presented below have been successfully applied to CDF leachate 
evaluations. 

HELPQ Model for CDF and Vadose Zone. The HELPQ application (Aziz 
and Schroeder l 999a, b) of the ADDAMS suite of computer programs (Schroeder 
and Palermo 1995) provides a computer program to assist in evaluation of the fate 
of leachate as the leachate migrates from the dredged material to the receptors. 
HELPQ is the only available leachate attenuation model specifically developed for 
evaluation of the CDF leachate pathway. 

The HELPQ program accepts data from the leachate tests (such as SBLT or 
PCL T) to predict leachate generation and attenuation. Leachate quality and 
quantity are predicted as a function of time and location in the vadose zone. The 
leachate quality can be compared with applicable water quality standards for 
leachate at the appropriate point of compliance. The HELPQ application, along 
with documentation, can be downloaded from the USACE DOTS web site at 
http://www.wes.army.mil/el/dots. 

HELPQ has a quasi-two-dimensional (2-D) hydrologic water budget model 
that accounts for the effects of surface storage, rw1off, infiltration, percolation, 
evapotranspiration, soil moisture storage, lateral drainage to leachate collection 
systems, and percolation through liners (Aziz and Schroeder 1999a, b). HELPQ 
can model cover soils, dredged material, liner systems, and foundation soils down 
to the saturated zone. Alternative scenarios can be selected and evaluated using 
the HELPQ model to estimate percolation rates and to compare management 
actions. Scenarios which may be evaluated include: 

1. Land farming with different lift depths. 

2. Different lift depths inside CDFs with no engineering controls other than 
routine operation and management for drainage of surface runoff. 

3. Extensive CDF management with leachate collection system and a 
composite liner (Lee et al. 1992; Brall1on, Myers, and Price 1992). 

The HELPQ model is developed based on contaminant mass balance and 
utilizes the principle of conservation of mass as it applies to the sediment solids, 
the percolating fluid (leachate), and the contaminants dissolved in the fluid and 
associated with the sediment solids. The hydrologic modeling for contaminant 
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routing in the soil profile is composed of balancing the water budget at the ground 
surface and then routing the infiltrated water and the available contaminants 
throughout the soil profile. The Hydro logic Evaluation of Landfill Perfonnance 
model (HELP) is used for surface water hydrology, infiltration, and drainage in 
the soil. 

Since the HELP model was developed for evaluating landfill performance, it 
offers additional features that are useful in CDF design and perfonnance 
evaluation. These features include the use of sand or gravel layers for lateral 
drainage or leachate collection and clay and synthetic materials as liners. To 
allow for flexibility in the design of confined disposal facilities, lateral drainage of 
leachate and barrier liners can also be used in HELPQ for preliminary design and 
CDF performance evaluation. 

Contaminant routing in the soil profile relies heavily on the results of the 
subsurface water routing performed by the HELP model. Routing of 
contaminants begins after vertical drainage, lateral drainage, and soil moisture 
contents are computed. Except for lateral drainage layers, contaminants enter a 
layer from above and leave from below. In lateral drainage layers, contaminants 
may also leave the layer laterally to a drain, and hence out of the CDF, thus 
reducing the amount of contaminant entering the barrier soil liner and eventually 
contaminating the groundwater. Since the HELP model allows for 
evapotranspiration, contaminant mass may increase in the soil segments affected 
by this process; volatilization of contaminants is not modeled in HELPQ. When 
lateral drainage layers are used, lateral drainage occurs at the top of liner systems 
or barrier soils. Therefore, lateral drainage in the contaminant routing model is 
taken into consideration in the mass balance for contaminants at the bottom of 
lateral drainage layers. The net result is a decrease in the amount of contaminants 
that may percolate into the underlying barrier soil. 

The HELPQ program requires partitioning coefficient data for the 
contaminants to be considered, initial concentrations of the contaminants in each 
soil layer, and the salinity (conductivity) in each layer if the dredged material is of 
estuarine origin. Equilibrium-partitioning data for pollutants that are typically 
present in dredged material are classified as one of the following types: a constant 
partitioning coefficient, a point Kct a data-averaged Kd, a best fit Kd, or a salinity
dependent Kd. The partitioning data could be conservative values from the 
literature, past dredging projects, or testing. In addition, HELPQ requires the 
same data needed to run the HELP model such as weather data (precipitation, 
temperature, evapotranspiration) and soil and design data (soil properties, layer 
types, etc). The HELP model input requirements are explained in Schroeder et al. 
( l 994a and 1 994b ). 

The use of the water budget method for routing contaminants in CDFs 
provides an economic method for preliminary design and for evaluating the 
perfonnance of various CDF design alternatives. The HELPQ model produces 
results that can be used by management and planning personnel for assessing the 
potential contamination of surrounding waters due to the construction of a CDF. 
Moreover, the use of lateral drainage layers and clay liners to control and restrict 
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the flow of contaminants provides valuable alternatives for design and operation 
ofCDFs. 

The HELPQ model predicts the concentration of contaminants in the CDF 
and vadose (unsaturated) zone below the CDF. Concentrations are predicted in 
the pore water and associated with the solid materials as a function of time. 
Additionally, the model predicts the leachate flow rate and contaminant mass flux. 

Saturated Zone Models. Modeling contaminant transport beyond the vadose 
zone and to the receptor requires use of additional models such as the 
MULTIMED model, the Multimedia Environmental Pollutant Assessment System 
(MEPAS) (http://mepas.pnl.gov:2080/) or the Department of Defense 
Groundwater Modeling System (GMS) (http://chl.wes.army.mil/software/gms/). 
Similarly, for CDF sites where groundwater flows directly into the dredged 
material (such as nearshore CDFs), more complex modeling operations using the 
GMS may be needed to predict the movement and concentration of contaminants 
at the CDF boundaries. Flow of anaerobic leachate through oxic dikes is another 
complicated situation potentially requiring complex modeling to predict 
contaminant concentrations. 

6.4.5 Tier Ill leachate Quality Decision 

After consideration of the Tier III leachate quality information based on test 
data and modeling, one of the following conclusions is reached (Figure 6-2): 

1. Information is sufficient to reach a decision. In this case either: 

a. Standards applicable to the intended use of the groundwater (Section 
6.1.1) exist for all COC and are met for all COC after consideration 
of attenuation. No further leachate evaluation is necessary. 

b. Standards applicable to the intended use of the groundwater (Section 
6.1.1) are exceeded for one or more COC after consideration of 
attenuation, and management actions should be considered. 

2. Information is not sufficient to reach a decision, which includes cases 
where there are no standards applicable to the intended use of the 
groundwater (Section 6.1.1 ). The case-specific risk from leachate should 
be determined in Tier IV, or management actions as an alternative to 
further evaluation should be considered. A decision to implement 
management actions for leachate, such as design modification or leachate 
collection, may require more detailed information prior to design of such 
actions. If management actions are selected, no further leachate 
evaluation is necessary. 
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6.5 Tier IV - Leachate Risk Assessment 

6.5.1 Evaluation 

Tier IV is intended to answer whatever specific, well-defined technical 
questions may remain unanswered after thorough evaluation in earlier tiers. If 
earlier tiers are used properly, Tier JV should rarely be necessary. 

By the nature of the tiered evaluation approach, any technical questions that 
remain unresolved after Tier III can best be answered by a detailed, case-specific 
evaluation. By their very nature, detailed case-specific evaluations are not 
amenable to the kind of generic guidance that can be presented in a national 
manual. They require individual design to address unique technical questions 
under site-specific conditions. 

The best approach for Tier IV is usually a case-specific risk assessment. 
Detailed guidance for conducting risk assessments for CDFs in Tier IV can be 
found in Cura, Wickwire, and McArlde (in preparation). The information 
generated in Tiers I through III should be used to the maximum extent technically 
justified throughout the Tier IV risk assessment. 

6.5.2 Tier IV leachate Decision 

After consideration of the Tier IV leachate evaluation results, all relevant 
information is available and no further evaluation is possible. One of the 
following conclusions is reached. 

1. No management actions are required. 

2. Management actions should be considered. A decision to implement 
management actions for leachate, such as lining or operational 
modification, may require more detailed information prior to design of 
such actions. 

6.6 Leachate Management Actions 

If evaluation of the leachate pathway indicates leachate is of concern after 
consideration of attenuation, appropriate actions to manage leachate may be 
considered. These may include modification of the operation (e.g., encapsulating 
the contaminated dredged material between cleaner layers of materials), liners and 
leachate collection systems, and low permeability cover systems, among other 
approaches. Additional information on management actions and references for 
detailed guidance on such actions is found in Chapter 10 of this manual. 
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7 Guidance for Evaluation of 
Volatile Emissions 

7.1 General Considerations 

Volatilization is the movement of a chemical into the air from a liquid surface. 
Volatilization from dredged material solids, even those that appear "dry," involves 
desorption through a water film covering the solids and then from the water to the 
air. Two major conditions for possible volatile losses from dredged material in 
CDFs are volatilization from exposed dredged material and volatilization from 
dredged material submerged under ponded water. The objective of evaluating 
volatile emissions from dredged material is to determine the potential releases of 
volatile and semivolatile contaminants from sediment to the atmosphere following 
disposal of dredged material. Volatile emissions assessments may be necessary if 
the Tier I evaluation (Chapter 3) indicates the dredged material may contain 
contaminants that could result in air quality concerns in and around the CDF from 
the perspective of human exposure. The volatilization pathway will be of concern 
only for sediments with comparatively high concentrations of volatile organic 
contaminants. 

7 .1.1 Volatilization Processes 

Disposal and storage operations associated with dredged material disposal in 
CDFs can increase the opportunity for volatile organic compound (VOC) 
emissions. Sediment physical characteristics, such as aging, porosity, moisture 
content, and percent oil and grease can play a significant role in controlling 
volatile emissions from sediments. Contaminant chemical properties such as 
Henry's Law Constant and vapor pressure are also very important in determining 
contaminant flux to air. Environmental variables such as relative air humidity and 
temperature can also play a part in contributing to volatile losses. Volatile 
emissions pathways from CDFs can include releases from plant-covered dredged 
material, exposed dredged materials, ponded water, and from effluent released 
from the CDF. 

The highest volatile contaminant transfer condition is in the first few hours 
after the surface of the dredged material is exposed, i.e., just after a pond is 
removed (USEPA 1996). After initial drying of the surface occurs, the rate of 
volatile contaminant transfer is reduced to levels less than that for a ponded 
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condition. Since ponded conditions can remain over dredged material in a CDF 
for considerable periods, the ponded condition is likely the most critical for most 
sites. 

Because chemicals must enter the water phase before they can volatilize from 
dredged material, the tendency of a chemical to volatilize from dredged material 
can be generally related to the Henry's constant. Remy's constant is the 
equilibrium distribution of a volatile chemical between air and water if true 
equilibrium solutions exist in both phases (Thibodeaux 1979). Henry's constant 
and, therefore, volatilization tendency depend on aqueous solubility, vapor 
pressure, and molecular weight. Chemicals with high Henry's constant will tend 
to volatilize while chemicals with low Remy's constant will tend to dissolve in 
water. Henry's constant is directly proportional to vapor pressure and inversely 
proportional to aqueous solubility. The actual direction of chemical movement 
across the air-water interface depends on chemical concentrations in aqueous and 
air phases and Henry's constant. The transfer rate (desorption for transfer to water 
and volatilization for transfer to air) depends on wind-induced turbulence at the 
air-water interface. 

Contaminant transport from in situ dredged material to air is a relatively slow 
process because most contaminants should first be released to the water phase 
prior to reaching the air. Thibodeaux (1989) discusses volatilization of organic 
chemicals during dredging and disposal and identifies four locales or conditions in 
which volatilization may occur: 

1. Dredging site, disposal site, and other water areas where suspended solids 
are elevated, usually during active operations. 

2. Quiescent, ponded CDF with a low-suspended solids concentration after 
disposal is completed and prior to dewatering. 

3. Dredged material exposed directly to air during transport and disposal and 
during dewatering after disposal is completed. 

4. Dredged material covered with vegetation and crust. 

Figure 7.1 illustrates these conditions. Conditions l and 3 above are of the 
most concern for volatilization in CDFs, and, therefore, the volatile loss analyses 
presented in this manual are limited to the conditions of ponded water overlying 
dredged material and exposed dredged material solids (USEPA 1996). 
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Figure 7-1. Illustration of locales or conditions for volatile emissions from CDFs 

7 .1.2 Condition 1 - Submerged Dredged Material 

Dredged material slurries pumped to primary settling facilities or CDFs 
undergo sedimentation, resulting in a thickened deposit of settled material 
overlain by ponded water containing varying concentrations of suspended solids. 
Thus, the submerged dredged material condition is characterized by water 
containing contaminated suspended solids and a thickened bottom deposit of 
dredged material. The volatilization pathway in this case involves desorption 
from the contaminated suspended solids followed by transport through the air-
water interface. 

The deposited dredged material is not part of the pathway because suspended 
solids control dissolved contaminant concentrations, and it is the dissolved 
chemicals that volatilize. While deposited dredged material can contribute to 
dissolved contaminant concentrations, the contribution from deposited material is 
not important until the suspended solids concentration becomes negligible. In a 
primary settling facility, there is a continuous flux of suspended solids through the 
water column while dredged material is being disposed. Diffusion from bottom 
deposits is, therefore, unimportant relative to desorption from suspended solids in 
controlling dissolved contaminant concentrations in primary settling facilities. 

7 .1.3 Condition 3 - Exposed Dredged Material 

This volatilization condition is characterized by dredged material that is 
exposed directly to air and void of vegetation or other cover. Exposed dredged 
material is probably the largest of the four volatilization conditions as a source of 
volatile emissions (Thibodeaux 1989). Dredged material begins evaporative 
drying and volatile chemical emission as soon as it is exposed to air. Initially, 
gas-side resistance affects the chemical emission rate. The top microlayer quickly 
becomes depleted of volatile chemicals (and water); so that, continuing losses of 
volatile chemicals come from the pore spaces within the dredged material. At this 
point, the emission process is transient and changes from being gas-side resistance 
controlled to dredged material-side vapor diffusion controlled. Exposed dredged 
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material will be a source of volatile emissions during various stages of CDF 
operation and flow equalization as follows: 

a. Delta formed during primary settling of dredged material slurries. 

b. Dredged material in filled primary settling facilities after ponded water is 
drawn off. 

c. Delta formed during mechanical disposal of dredged material in in-water 
or nearshore flow equalization facilities. 

d. Dredged material in upland flow equalization facilities for mechanically 
dredged material. 

The rate at which chemicals volatilize from exposed dredged material is 
affected by many factors. Geotechnical properties such as porosity and water 
content, chemical factors such as water and air diffusivities, and environmental 
factors such as wind speed and relative humidity all affect volatilization rates. In 
addition, processes such as air-water-solids chemical partitioning, diffusion of 
thermal energy, evaporation of water, and desiccation cracking of the dredged 
material can have pronounced impacts on volatile emission rates for exposed 
sediment. 

7 .1.4 Regulatory Considerations 

As dredged material is placed in the CDF, volatiles may escape through the 
air/water interface, and volatiles may escape from dredged material as the drying 
dredged material is exposed to the air. However, there are no knmvn instances 
where volatiles from CDFs have posed a potential release sufficient to trigger the 
regulatory application of the Clean Air Act (CAA). Importantly, the CAA 
regulates emissions from a point source (stack), and the CAA regulates only a few 
paramters such as particulates and carbon dioxide. Neither of these scenarios 
apply to CDFs. Nevertheless, there are occasions where workers might be 
exposed to volatile emissions while undertaking management actions at the CDF 
such as dike rehabilitation using dredged material from the CDF, dewatering 
using specialized equipment or trenching equipment to dewater the dredged 
material. 

This chapter on emissions is designed to ensure that worker safety measures 
are properly undertaken to meet standards of exposure established by the 
Occupational Safety and Health Administration (OSHA). The approach for 
evaluation of the volatile pathway involves prediction of a flux rate of 
contaminants to air and calculation of the concentration of contaminants in air 
(mass/cubic meter), considering dispersion because of atmospheric processes such 
as wind. The receptor of concern for volatile emissions is humans working on site 
or humans adjacent to the CDF. The predicted air quality or exposure 
concentration data can be compared with OSHA standards. The dispersion 
models provided consider dispersion occurring at a height of 1.8 m (6 ft) above 
the dredged material surface or adjacent ground surface. 
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7.1.5 Data Requirements 

Data requirements for volatile emissions evaluations include those variables 
specific to the proposed CDP operation. The predictive equations and models 
used to evaluate volatilization require many assumptions, site variables, operating 
variables, and chemical properties. The information used in volatile evaluations 
should be specific to the proposed CDP and disposal operation. Project specific 
information such as CDP size, area of each deposit event, exposure, wind speed, 
temperature, and physical and chemical characteristics of the dredged material are 
required for evaluating air quality as a result of volatilization. A summary of the 
data requirements for volatile emissions predictions is given in Table 7-1. 

Table 7-1 
Variables for Volatile Emissions Evaluation 
1. Total area of CDF 
2. Available area for each deposit event 
3. Disposal frequency 
4. Daily worker exposure period to exposed material 
5. Daily worker exposure period to ponded material 
6. Air exchange control volume 
7. Bulk density of dredged material 
8. Contaminant concentration in pore water 
9. Contaminant concentration in ponded water 
10. Wind-driven currents in ponded water (assumed to be 3% of wind speed) 
11. Wind speed and direction 
12. Fetch length 
13. Average weight of worker 
14. Minute ventilation 
15. Molecular wt. of air 
16. Molar volume of air 
17. Universal gas constant 
18. Contaminant diffusivity in water 
19. Atmospheric pressure 
20. Temperature 
21. Total porosity of dredged material 
22. Air-filled porosity of drying material 
23. Partitioning coefficient 
24. Henry's law constant of contaminant 
25. Vapor pressure of contaminant 
26. Molecular weight of contaminant 
27. Solubility of contaminant 
28. Water depth 
29. Receptors 
30. Receptors location 

7 .1.6 Summary of Tiered Evaluations for Volatile Emissions 

A flowchart illustrating the tiered evaluation for volatilization is shown in 
Figure 7-2. If a decision regarding volatile emissions cannot be reached based on 
the evaluation of existing information in Tier I, Tier II provides a method for 
volatile emissions screening based on conservative assumptions. Tier III consists 
of a laboratory test for prediction of volatile flux rate from exposed sediment. 
Both the Tier II and Tier III evaluations consider dispersion of the volatile 
emissions at the CDP as a part of the evaluation. The evaluations in Tiers II and 
III will be sufficient for evaluation of volatile emissions in the vast majority of 
cases. As with all pathways, Tier IV evaluations involve consideration of 
volatilization within the framework of a risk assessment. 
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Figure 7-2. Flowchart illustrating tiered approach for evaluation of the volatile pathway 
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7 .1. 7 OSHA Air Quality Standards 

When volatile emissions are detennined by a Tier I evaluation to be of 
concern, Tier II screen and Tier III evaluations are performed, and predicted 
emission concentrations are compared to OSHA standards to detennine 
compliance. Table 7-2 provides the current OSHA standards (29 CFR) for air 
contaminants. 

.. ·- - . . r.i::R\ I imik fnr Air r.nnt::i -
TWA, ppm• mg/m3b 

Metals 

Aluminum 15 dust, 5 respirable 

Antimony 0.50 
Arsenic See 29 CFR 1990.103° 

Beryllium 0.002, 0.005, 0.025 (30-minute maximum peak) 

Cadmium 0.005 

Chromium (hexavalent) 0.50 

Copper 0.10 fume, 1.0 dust mist 

lead 0.05 
Mercury 2.0 

Nickel (soluble) 1.0 

Phosphorus 0.10 

Selenium 0.20 

Silver (soluble) 0.01 

Thallium (soluble) 0.10 

Polyaromatic Hydrocarbons (PAHs) 

Benzo(a)Pyrene 0.20 (as coal tar pitch volatiles)d 

Chrysene 0.20 (as coal tar pitch volatiles) 
Naphthalene 10 50 

Organophosphorus Pesticides 

Azinphos Methyl 0.20 

Demeton, Total 0.10 
Malathion (total dust) 15.0 

Chlorinated Pesticides 

DDT 1.00 

Aldrin 0.25 

Chlordane 0.50 

Dieldrin 0.25 
Endrin 0.10 

lindane 0.50 

Heptachlor 0.50 
Methoxychlor (total dust) 15.0 

Toxaphene 0.50 

Semivolatile Organic Compounds 

1,3-Dichlorobenzene ©50 ©300 

1,4-Dichlorobenzene 75 450 

3,3'-Dichlorobenzidine See 29 CFR 1910.1003-1016• 

Di-N-Butly Phthalate 5.0 

Di-N-Octyl Phthalate 5.0 

Hexachloroethane 1.0 10.0 
lsophorone 25 140 

(Continued) 
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Table 7-2 (Concluded) 
N-Nitrosodimethylamine 

Nitrobenzene 1.0 5.0 

Pentachlorophenol 0.50 

Phenol 5.0 19 

PCBs 
Chlorodiphenyl (42%) Arochlor 1242 1.0 

Chlorodiphenyl (54%) Arochlor 1254 0.50 

a TWA refers to 8 hour time waited average in parts of vapor per million parts of contaminated air by 
volume at 25 degrees C and 760 torr. 
b Milligrams of substance per cubic meter of air. When entry is in this column only, the value is exact; 
when listed with a ppm entry, it is approximate. 
c Reference 29 CFR 1990.103. Identified as a possible occupational carcinogen. Further 
recommended by the National Institute for Occupational Safety and Health (NIOSH) that 
occupational exposure to contaminant be limited to lowest feasible concentration. 
d Benzene - soluble fraction, Anthracene, BaP, Phenanthrene, acridine, chrysene, pyrene. 
•Included in the thirteen OSHA-regulated carcinogens. Exposures of workers to these 13 chemicals 
are to be controlled through the required use of engineering controls, work practices, and personal 
protective equipment, including respirators. 

7.2 Tier 1 - Initial Evaluation of Volatile Emissions 

The Tier I evaluation for a proposed project (Chapter 3) will result in 
determination of the need for contaminant evaluations, identification of pathways 
of concern, identification of contaminants of concern, and decisions based on 
existing information. 

It is important to consider prior evaluations of the volatilization pathway in 
Tier I to determine if additional evaluations are needed. If prior tests or 
evaluations are available, and project conditions and dredged material 
characteristics are unchanged, new evaluations would not be required. 

After consideration of Tier I volatilization information, one of the following 
conclusions is reached for volatile emissions (Figure 7-1). 

1. Information is sufficient to reach a decision without further evaluation. 

2. Information is not sufficient to reach a decision regarding volatile 
emissions. Conduct Tier II and/or Tier JU evaluations. 

7.3 Tier II - Volatile Emissions Screen 

Tier II provides a screening tool, which gives a conservative estimate of 
volatilization from a submerged sediment and an exposed sediment scenario based 
on partitioning from bulk sediment. The screen relies on bulk sediment data, site 
conditions, and applicable OSHA exposure standards. If adequate bulk sediment 
data are not available, samples should be collected and bulk sediment chemistry 
should be determined. It is possible to skip the screen and go directly to the Tier 
III laboratory test that quantifies emission from exposed sediment. However, this 
is not an efficient use of resources in most cases, since bulk sediment data are also 
needed for screening evaluations for other pathways. 
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7.3.1 Tier II - Volatilization Screen 

The volatilization screen utilizes an electronic spreadsheet for the calculations 
and considers the bulk concentration of contaminants in the dredged material and 
variables specific to the proposed CDF operation (Table 7-1). Necessary data 
include both site and operating conditions and COC chemical properties. 
Chemical partitioning assumptions are used to give conservative estimates of the 
maximum COC air concentrations and fluxes on- and off-site under both 
submerged and exposed dredged material conditions. Project specific information 
such as CDF size, area of each disposal event, exposure, wind speed, temperature 
and physical and chemical characteristics of the dredged material are required for 
the Tier II evaluation. Site-specific values for these variables are entered into the 
appropriate cells of the spreadsheet and output provides information on predicted 
contaminant fluxes. The results can be compared to OSHA standards. The 
spreadsheet, along with documentation, can be downloaded as an ADDAMS 
module from the USACE DOTS website at www.wes.army.mil/el/dots. If desired, 
equations for manual screening calculations are also available (Myers in 
preparation). 

The volatilization calculations in the spreadsheet yield COC concentrations at 
the interface surface between air and the ponded water or the dredged material in 
the CDF. Thus, they are somewhat analogous to effluent concentrations at the 
point of release, before mixing is considered. A screening model for evaluation of 
dispersion is therefore included in the Tier II spreadsheet calculations for volatiles 
(Section 7.5). 

7.3.2 Tier II - Volatile Emissions Decision 

After consideration of the Tier II volatile emissions screen and dispersion 
infonnation, one of the following conclusions is reached for volatile emissions 
(Figure 7-2): 

1. Information is sufficient to reach a decision regarding volatile emissions. 
In this case either: 

a. Volatile emissions, after consideration of dispersion, are below 
applicable OSHA standards. No further emissions evaluation is 
necessary. 

b. Volatile emissions, after consideration of dispersion, exceed 
applicable OSHA standards, and management actions should be 
considered. A decision to implement management actions for 
emissions, such as a surface cove or treatment, may require more 
detailed information prior to design of such actions. If management 
actions are selected, no further emissions evaluation is necessary. 

2. Information is not sufficient to reach a decision regarding volatile 
emissions. Further evaluation in Tier III, or management actions as an 
alternative to further evaluation, should be considered. A decision to 
implement management actions for emissions, such as capping or 
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treatment, may require more detailed information prior to design of such 
actions. If management actions are selected, no further emissions 
evaluation is necessary. 

7.4 Tier Ill -Volatile Flux Chamber Test 

7.4.1 Volatile Emissions Laboratory Test Procedure - Volatile Flux 
Chamber (VFC) 

A volatile flux chamber (VFC) test is available for Tier III evaluations of 
volatile emissions from exposed sediment. Actual volatile contaminant 
measurements may be needed in order to detennine emissions under a variety of 
site environmental and operational conditions for which the Tier II volatile 
screens and models are not designed. The procedure involves loading dredged 
material into a laboratory "flux chamber" and sampling air that has been passed 
over the dredged material surface. A photo of the flux chamber is shown in 
Figure 7.3. This procedure can be used to evaluate CDF operating scenarios, such 
as crust management, for which the available models and predictive equations are 
not designed. 

The influence of dispersion as described in Section 7.5 on contaminant 
concentrations should be considered in the Tier JU evaluation of volatile 
em1ss10ns. 

Detailed procedures for conducting the VFC test are provided in Appendix F. 

Figure 7-3. Photo of the volatile flux chamber device 

7 .4.2 Tier Ill - Volatile Emissions Decision 

After consideration of the Tier III volatile emissions test and dispersion 
information, one of the following conclusions is reached for volatile emissions 
(Figure 7-2): 
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1. Information is sufficient to reach a decision regarding volatile emissions. 
In this case either: 

a. Volatile emissions, after consideration of dispersion, are below 
applicable OSHA standards. No further emissions evaluation is 
necessary. 

b. Volatile emissions, after consideration of dispersion, exceed 
applicable OSHA standards, and management actions should be 
considered. A decision to implement management actions for 
emissions, such as capping or treatment, may require more detailed 
information prior to design of such actions. If management actions 
are selected, no further emissions evaluation is necessary. 

2. Information is not sufficient to reach a decision regarding volatile 
emissions. Further evaluation in Tier IV, or management actions as an 
alternative to further evaluation, should be considered. A decision to 
implement management actions for emissions, such as capping or 
treatment, may require more detailed information prior to design of such 
actions. If management actions are selected, no further emissions 
evaluation is necessary. 

7.5 Dispersion Evaluations for Volatile Emissions 

Actual contaminant concentrations in the air resulting from sediment 
contaminant fluxes are site specific and are affected by atmospheric conditions 
such as wind speed, mixing, temperature, as well as the location of the receptor. 
To evaluate the impact of sediment contaminant fluxes upon site and near-site air 
concentrations, a conservative estimate of actual air concentrations should be 
applied for both Tier II and Tier III volatile evaluations. An example scenario to 
estimate contaminant air concentrations could incorporate maximum fluxes 
obtained from modeling or laboratory testing into calculations that assume a 
worst-case, well-mixed set volume of air over the CDP. Contaminant 
concentrations can then be estimated for a predetermined period of time to give a 
conservative estimate of possible contaminant air concentrations. 

The contaminant flux predictions obtained from the models and fluxes 
obtained from evaluation of sediment properties or laboratory testing can be 
converted to an exposure concentration to evaluate the emission. The 
contaminant emission is mixed with the overlying column of air, which is stripped 
or entrained into prevailing winds and transported offsite. The resulting 
contaminant concentration in the air overlying the site is a function of the 
contaminant flux, size of the site, and the air exchange rate with prevailing wind. 
The air exchange rate is a function of wind speed and site exposure. As such, the 
evaluation should be performed at low, medium, and high wind speed. 

A screening model for evaluation of dispersion is included in the Tier II 
spreadsheet calculations for volatiles. An additional model developed using data 
obtained from testing conducted with the laboratory apparatus described in 
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Appendix F addresses volatile emissions from an exposed sediment. The 
predictive equations for modeling these emissions consider a uniformly 
contaminated dredged material that is freshly deposited and dewatered in a CDF. 
Evaporation begins from the upper segments of the dredged material and as 
depletion of contaminants occurs, the flux to air decreases to small values. 

The detailed calculations for determining on- and off-site exposure 
concentrations are given in Appendix F. The model is part of the Automated 
Dredging and Disposal Alternatives Modeling System (ADDAMS) suite of 
models currently available through ERDC at: http://www.wes.army.mil/el/ 
elmodels/index. html#addams. 

7.6 Tier IV - Volatile Emissions Risk Assessment 

7.6.1 Evaluation 

Tier IV is intended to answer whatever specific, well-defined technical 
questions may remain unanswered after thorough evaluation in earlier tiers. If 
earlier tiers are used properly, Tier IV should rarely be necessary. 

By the nature of the tiered evaluation approach, any technical questions that 
remain unresolved after Tier III can best be answered by a detailed, case-specific 
evaluation. By their very nature, detailed case-specific evaluations are not 
amenable to the kind of generic guidance that can be presented in a national 
manual. They require individual design to address unique technical questions 
under site-specific conditions. 

The best approach for Tier IV is usually a case-specific risk assessment. 
Detailed guidance for conducting risk assessments for CDFs in Tier IV can be 
found in Cura, Wickwire, and McArlde (in preparation). The information 
generated in Tiers I through III should be used to the maximum extent technically 
justified throughout the Tier IV risk assessment. 

7.6.2 Tier IV -Volatile Emissions Decision 

After consideration of the Tier IV effluent evaluation results, all relevant 
information is available and no further evaluation is possible. One of the 
following conclusions is reached. 

1. No management actions are required. 

2. Management actions should be considered. A decision to implement 
management actions for emissions, such as capping or treatment, may 
require more detailed information prior to design of such actions. 
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7. 7 Volatile Emissions Controls 

If evaluation of the volatilization pathway indicates air quality may not be 
acceptable after consideration of dispersion, appropriate actions to manage air 
quality may be considered. Management actions for air quality may include 
capping of the dredged material to effectively seal off volatile releases, or 
treatment of the dredged material to reduce volatile releases upon disposal. 
Additional information on management actions and references for detailed guidance 
on such actions are found in Chapter 10 of this manual. 
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8 Animal Bioaccumulation 

8.1 General Considerations 

In the context of the UTM, animal uptake refers to the bioaccumulation of 
COC from dredged material in the tissues of animals exposed to the dredged 
material. Depending on its design and management, different portions of a CDF 
may consist of terrestrial, wetland, or aquatic habitats at any one time, and these 
habitats may occur in any portion of a CDF at different times during the design 
life of the CDF. The UTM addresses bioaccumulation by terrestrial animals of 
COC from the dredged material under terrestrial habitat conditions. If an 
evaluation ofbioaccumulation by aquatic and wetland animals under aquatic and 
wetland habitat conditions in a CDF is necessary, it may be conducted using 
appropriate variations on the Tier II and/or Tier III technical procedures in the 
bioaccumulation chapter of the ITM. In evaluation of aquatic and wetland animal 
bioaccumulation in CDFs, the interpretive guidance for Tiers II and III provided 
in the UTM should be followed, even though the test procedures from the ITM are 
used. 

8.1.1 Animal Bioaccumulation Processes 

Animals may bioaccumulate COC from dredged material in terrestrial, 
wetland, and aquatic habitats in a CDF. In general, those species that live or feed 
in direct contact with the dredged material are most likely to bioaccumulate COC 
from the dredged material. Once a COC is in the tissues of an organism, it can be 
passed along to other species in the food web that prey on it. This trophic transfer 
can create complete exposure routes by which COC from the dredged material can 
come into direct physiological contact with organisms that do not live or feed in 
direct contact with the dredged material. These complete exposure routes may 
include organisms such as animals, birds, or humans that eat fish caught from 
aquatic habitats in a CDF, foxes that eat rodents from terrestrial habitats, and 
numerous species that eat organisms in wetland habitats. 

8.1.2 Regulatory Considerations 

As explained in Chapter 1, there are no regulatory standards for contaminant 
uptake by plants and animals at CDFs. Land application of sludge and waste soils 
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regulatory protocols are not designed to address the unique characteristics that 
occur as sediments dry and colonize with wetland or terrestrial plants and animals. 
Also, the plant and animal routes of exposure are different and are treated 
differently in this manual. It is USACE policy that the procedures used in this 
manual provide a basis for determining ifbioaccumulation poses a risk of effects 
on populations of receptors of concern outside the CDP. 

The UTM is concerned only with effects outside the CDF. Therefore, in the 
UTM animal bioaccumulation is of concern only if it is part of a complete 
exposure pathway from the dredged material to predators that live outside the site 
and feed on organisms that bioaccumulate COC from the dredged material in the 
site. To illustrate the concept, in the context of the UTM there is typically not a 
concern about COC 

Bioaccumulation by: 

• Earthworms in terrestrial 
habitats within a CDP 

Unless: 

• A bird flies in from offsite and eats the 
worms 

• Fish in aquatic habitats within • 
aCDF 

A person catches and eats the fish, or a 
bird flies in from offsite and eats the fish 

• Mussels in wetland habitats 
within a CDP 

• A raccoon comes onto the site and eats 
the mussels 

Because the concern in the UTM is for potential effects outside the site, 
bioaccumulation is considered a component of exposure for off-site ROC, and is 
not evaluated as an indicator of potential effects on the on-site organisms that may 
accumulate the COC directly from the dredged material. This emphasis on effects 
ofbioaccumulation on predators is in contrast to the OTM and ITM, in which 
bioaccumulation data have frequently been evaluated in relation to potential 
effects on the organism whose tissues contain the COC rather than on the 
predators of that organism. 

Unlike the other contaminant mobility pathways addressed in the UTM, there 
are presently no standards or criteria that can be directly applied in a technically 
sound manner to animal (or plant) bioaccumulation. Therefore, bioaccumulation 
is evaluated on the basis of its potential to cause effects on ROC populations 
outside the CDP (Section 2.2.4). The exception to evaluation on the basis of 
effects on ROC populations outside the CDP is when the ROC are humans or 
endangered species, in which case there is concern about effects on individuals 
within or outside the CDP. 

The first step in determination of the potential for effects is to compare 
bioaccumulation from the dredged material to bioaccumulation from a properly 
selected reference material. If bioaccumulation from the dredged material is not 
statistically greater than bioaccumulation from the reference material, 
bioaccumulation is not considered to pose a potential for effects. If 
bioaccumulation from the dredged material is statistically greater than from the 
reference material, further evaluation in subsequent tiers is necessary to determine 
the potential for effects. Because the reference material is carefully selected to 
represent acceptable conditions, whatever bioaccumulation it may cause is an 
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acceptable level of animal bioaccumulation. Although statistical significance, per 
se, cannot indicate environmental importance, a statistically significant increase 
above reference bioaccumulation has been considered in the OTM and ITM to 
indicate a potential for effects, and that convention is followed in the Tier II and 
III animal bioaccumulation in the UTM. Detailed decision guidance is provided 
in the discussions of each of the tiers. 

8.1.3 Data Requirements 

The evaluation of animal bioaccumulation requires information on the CDF 
and its environmental setting, the planned dredged material management, and the 
characteristics of the dredged material. Much of this comes from the available 
information compiled in Tier I, and supplemented (if necessary) by the Tier II and 
Tier III test data. 

8.1.4 Summary of Tiered Evaluation of Animal Bioaccumulation 

A flowchart illustrating the tiered evaluation for animal uptake is shown in 
Figure 8-1. The other contaminant mobility pathways addressed in the UTM are 
evaluated primarily on the basis of standards or criteria, and risk assessment plays 
a relatively minor role in Tiers I through III. In the absence of technically 
applicable standards or criteria, animal (and plant) bioaccumulation evaluations in 
the UTM rely more directly on risk assessment in Tiers I through III. Evaluation 
of all pathways relies on risk assessment in Tier IV. 

The risk-based approach to evaluation of animal bioaccumulation is structured 
around the conceptual site model developed in Tier I. The conceptual site model 
provides the framework and the context for conducting the evaluation (Cura, 
Wickwire, and McArlde in preparation). It describes the dredged material 
management planned, the environmental setting of the site, and how the planned 
site management interacts with the environmental setting to determine what 
effects might potentially occur. The evaluation in Tiers I through III emphasizes 
three components evaluated in the context of the conceptual site model: 

• Populations of receptors of concern (ROC) outside the CDF, discussed in 
Section 2.2.3 

• Constituents of concern (COC), discussed in Sections 2.2.2 and 3.4 

• Complete exposure routes, discussed in Section 2.2.4. Identification of 
reasonable complete exposure routes by which ROC populations outside 
the CDF can come into direct physiological contact with COC is key to 
the entire evaluation. If there are no reasonable complete exposure 
routes, there can be no exposure and thus no effect or risk. 
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Evaluate Existing Information 
For Animal Uptake 

YES 

Calculate Theoretical Uptake 
Potential 

Information 
Sufficient 

For a Decision ? 

Tier Ill 

Tier IV 

Information 
Sufficient 

For a Decision ? 

NO 

Is exposure a 
concern? 

NO 

YES 

Animal Uptake 
Decision 

All other COCs 

Conduct Animal Uptake 
Tests 

Information 
Sufficient 

For a Decision ? 

NO 

Case Specific Study 
Or 

Risk Assessment 

Tier I 

Tier II 

Figure 8-1. Flowchart illustrating tiered evaluation approach for the animal uptake pathway 
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Tier I involves many activities essential to the entire evaluation. It includes 
compilation of available information, construction of a conceptual site model, 
development of initial COC, identification of ROC, and identification of complete 
exposure routes to populations of animal ROC off the site. Identification of 
complete exposure routes to off-site animal ROC populations (and by implication, 
those potential exposure routes that are not complete and thus pose no risk) is a 
major emphasis of Tier I. Tier I also includes evaluation of the available 
information to reach a decision about the acceptability of any COC/ROC/exposure 
pathway combinations for which there is sufficient infonnation for a decision and 
identify the remaining COC for further evaluation in subsequent tiers. 

If a decision about the need for management actions based on animal 
bioaccumulation cannot be reached based on existing infonnation in Tier I, the 
evaluation may be carried to Tier II. Tier II consists of evaluation of the 
theoretical bioaccumulation potential (TBP) of nonpolar organic COC. Those 
COC for which the results indicate little potential for bioaccumulation may be 
eliminated with regard to animal bioaccumulation, and those for which further 
information is necessary to reach a decision may be carried to Tier III. 

Tier JU consists of laboratory bioaccumulation tests for the remaining COC 
using surrogate species. Those COC for which the results indicate little potential 
for bioaccumulation may be eliminated with regard to animal bioaccumulation, 
and those for which further information is necessary to reach a decision may be 
carried to Tier IV. 

The evaluations of Tiers I through III will be sufficient to reach a decision 
about most COC in most cases. In those situations where this is not the case, a 
full risk assessment of the remaining COC may be conducted in Tier IV. 

The procedures in the various tiers can be applied to evaluate the perfonnance 
of existing CDFs and to design new sites. For existing sites, the techniques can be 
used to predict the potential for bioaccumulation for a given set of anticipated opera
tional conditions (e.g., CDP size). In a similar manner, the required operational 
conditions for a new site (e.g., frequency of new lifts) to avoid bioaccumulation can 
be determined by comparing the predicted bioaccumulation for a variety of assumed 
operational conditions. In either case, evaluation ofbioaccumulation must be 
considered in conjunction with a sound design of the CDP for retention of 
suspended solids and initial storage of the sediments to be dredged. 

8.2 Tier I - Initial Evaluation of Animal 
Bioaccumulation 

Animal bioaccumulation is evaluated only if the Tier I evaluation of the 
proposed project (Chapter 3) demonstrates that contaminant evaluations are needed 
and that animal bioaccumulation is a contaminant mobility pathway of concern for 
the project. It is important to consider prior evaluations of the animal 
bioaccumulation pathway to determine if additional evaluations are needed. For 
example, if prior tests or evaluations are available, and project conditions and 
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dredged material characteristics are unchanged, new evaluations may not be 
necessary. 

8.2.1 Compilation and Evaluation of Existing Information 

The Tier I information generated in Chapter 3 is the technical basis for the Tier I 
evaluation of animal bioaccumulation. Because the Tier I animal (and plant) 
bioaccumulation evaluation relies more heavily on a risk assessment approach than 
the evaluation of the other pathways, the Tier I information from Chapter 3 is 
organized and used in a risk assessment framework. The information compiled and 
used in Chapter 3 to identify relevant contaminant mobility pathways is organized 
and used as described below to develop a conceptual site model specific to the 
project being evaluated. The information from Chapter 3 on COC and ROC is 
evaluated in the context of the conceptual site model. The Tier I animal 
bioaccumulation evaluation emphasizes identification of complete exposure routes 
in the context of the conceptual site model. There can be no risk unless there is a 
complete exposure route by which an ROC can come into direct physiological 
contact with a COC. 

8.2.2 Development of Conceptual Site Model 

Guidance on development of a conceptual site model is available in Cura, 
Wickwire, and McArlde (in preparation), from which this section, specific to 
evaluation of animal bioaccumulation, is summarized. The conceptual site model 
for evaluation of animal bioaccumulation is an integration of existing infonnation 
which identifies the COC and their sources, describes the exposure routes 
involving animal bioaccumulation by which they may reach ecological and human 
ROC, and specifies which ecological and human ROC might be linked to the 
COC by these routes. The conceptual site model is a narrative or diagram that 
describes the links between COC and ROC along explicit fate and transport routes 
involving animal bioaccumulation. 

The conceptual model is the basis for determining which fate and transport 
processes involving animal bioaccumulation will be examined, deciding which 
receptors to address, and identifying the COC that will be evaluated. In order to 
evaluate risks, it is important to clearly identify all three elements: the stressors, 
the receptors, and the exposure routes that connect them. The absence of a 
complete exposure route is one basis for early elimination of some exposure 
routes and stressor/receptor sets from further consideration in a risk assessment, so 
that the process can focus on situations that might reasonably constitute a potential 
risk. This is the opportunity to focus questions upon issues of real concern. 
Because the conceptual model is so fundamental to the conduct and acceptance of 
the risk assessment, it is important that Federal and State agencies, interested 
parties, and the general public have meaningful participation in the development 
of the conceptual model. 
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The conceptual model serves two purposes in evaluation of animal 
bioaccumulation, based on the Tier I compilation of existing infonnation 
(Chapter 3): 

a. Site characterization. Site characterization is a general description of 
the environmental setting that is an integral part of an ecological or 
human health evaluation of animal bioaccumulation. It should: 

1. Provide a brief overview of the CDF in terms of its current and past 
uses. 

11. Characterize the CDF relative to receptors. 

111. Describe the presence of contaminants in the dredged material. 

b. Defining complete exposure routes. Complete exposure routes are the 
links between sources of COC and humans or ecological ROC. A 
complete exposure route is a combination of physical, chemical, and 
biological processes that may transport a COC from a source, such as 
dredged material in a CDF, into direct physiological contact with a 
specified human or ecological ROC. The presence of a complete 
exposure route does not necessarily translate to risk. The conceptual 
model attempts only to describe the potential for migration of COC based 
on the site-specific physical conditions, chemistry, and biology. It 
provides neither a quantitative estimate of the amount of COC moving 
along a specific route nor an estimate of resulting exposure 
concentrations. Subsequent components of the risk assessment will 
incorporate information on the amount of each COC moving along each 
complete exposure route and evaluate whether that amount poses a 
potential risk to a human or ecological ROC. 

The following are the seven steps in developing a conceptual site model using 
the existing information compiled in Chapter 3. The discussion here focuses on 
identification of COC and ROC, detennination of complete exposure routes 
involving animal bioaccumulation, and elimination of those potential routes that 
are not complete from further evaluation. Detailed guidance on all steps is 
available in Cura, Wickwire, and McArlde (in preparation). 

1. Describe the dredged material management activity. This description 
should include the dredging, transportation and disposal processes, the 
amount and source of dredged material, and physical, chemical and 
biological characteristics of the CDF and its surroundings. The product 
of this step is a written description of the proposed dredged material 
management activity. 

2. Identify the kinds and spatial extent of habitats and land uses that are 
present in and around the CDF and those that may reasonably exist in the 
future. It is important to identify habitats in and near the CDF, because 
these will largely determine human uses and ecological receptors for the 
conceptual model. The identifications should be specific and conform to 
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common ecological descriptions of terrestrial or aquatic habitats. The 
habitat classifications should not be so broad as to lose ecological 
meaning, nor so specific that they lack information regarding the 
relationships among organisms. The product of this step is narrative text, 
maps, and figures, as necessary, which describe the habitats at and 
adjacent to the CDF. 

3. Identify the off-site animal species and humans that may consume animals 
that have bioaccumulated COC from the dredged material at present and 
under reasonably foreseeable future conditions. To identify ecological 
ROC, first identify nearby biological communities as general types such 
as riverine, forest, or meadow I grassland. Then list the animals of various 
types and feeding habits that are likely to be important within these 
general communities and to consume animals that have taken up COC 
from the dredged material. The ecological ROC should reflect the variety 
of trophic levels, feeding types, and phylogenetic diversity in the 
identified habitats. The product is a list (generally three to eight are 
sufficient) of ecological ROC that may, now and within the reasonably 
foreseeable future, consume animals that have taken up COC from the 
dredged material. The list describes the role each ROC plays at the site 
and how they represent other species of similar feeding types, etc. It also 
briefly describes why other species at the site were not selected as ROC. 

4. Specify the COC for animal bioaccumulation. The goals are to focus on 
those constituents that warrant detailed evaluation, and document the 
reasons others do not warrant further consideration, resulting in a focused 
list of COC necessary and sufficient for a thorough assessment of risks 
associated with animal bioaccumulation for the project being evaluated. 
Simple presence of a constituent in the dredged material being evaluated 
is not sufficient to include that constituent as a potential COC. The 
primary factors to consider in identifying COC for animal 
bioaccumulation include frequency of presence in the dredged material, 
concentration in the dredged material relative to the concentration in the 
reference material, toxicological importance, persistence in the 
environment and propensity to bioaccurnulate in animals. The product is 
a site-specific list of COC, documenting why each was retained, and why 
other constituents were not considered COC. 

5. Describe mechanisms that may bring COC into contact with a human or 
ecological ROC. This step in a risk assessment is essentially the same as 
the identification of relevant contaminant mobility pathways, completed 
in Section 3.2, which showed animal bioaccumulation warrants 
evaluation for the project in question. The product of this step is a 
narrative that describes how animal bioaccumulation of COC from the 
dredged material could reach animals living outside the CDF. 

6. Describe the potential processes of contact between COC and ROC. The 
simple existence of a mechanism that may transport a COC to a ROC will 
not result in a complete exposure route unless there is some process by 
which the COC comes into actual physiological contact with a ROC. 
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These processes may include dennal contact, ingestion, or inhalation. 
The product should (1) specify the likely contact process(s) for each 
ROC separately, and (2) document those processes that, even though they 
may be part of complete exposure routes, are sufficiently minor to not 
warrant further attention. 

7. Describe the complete exposure routes, and eliminate from further 
evaluation those potential routes that are not complete. This step 
describes each complete exposure route in detail, including the identity 
and source of each COC, the release mechanism, the process of exposure 
and the activities of the ROC that bring it into direct physiological contact 
with the COC. A complete exposure route is a combination of physical, 
chemical, and biological processes that bring a COC from dredged 
material into direct physiological contact with an ecological (e.g., a bird) 
or a human (e.g., fisherman) ROC. Potential exposure routes that are 
incomplete should be documented and not considered further. A 
complete exposure route does not necessarily translate to risk. Risk 
depends on the concentration or dose of COC to the ROC relative to that 
receptor's toxic response. The exposure assessment component of the risk 
assessment will address issues regarding the dose or concentration of 
COC to which a ROC is likely to be exposed in the field, and the effects 
assessment component addresses the levels at which the COC has the 
potential to adversely affect the receptor. The product of Steps 6 and 7 is 
a graphical and narrative description of the complete exposure routes 
specific for the COCs, habitats, and ecological and human ROC. It is a 
written summary of the chemical, physical, and biological conditions at 
the CDF. 

\\There data are insufficient to fully develop a complete conceptual site model, 
the site model should be developed as completely as possible, using clearly 
identified assumptions and estimations where necessary. As the evaluation 
progresses through the tiers, these assumptions and estimations may be replaced 
with more definitive information as it becomes available. 

8.2.3 Tier I - Evaluation Procedure 

A fundamental emphasis of the Tier I evaluation is on identification of 
complete exposure routes to ROC outside the CDF. Complete exposure routes are 
evaluated in Tier I if the available information is sufficient to make a decision, 
and ifthere is not sufficient information to support a decision, they are carried to 
subsequent tiers for more detailed evaluation. Incomplete exposure routes to 
ROC outside the CDF, and complete routes that clearly involve such minimal 
potential exposure as to pose negligible risk of unacceptable adverse effect, are 
documented and eliminated from further consideration. 

A key to the evaluation of ecological impacts of animal bioaccumulation in 
Tier I, as well as in subsequent tiers, is the concept of effect as discussed in 
Section 2.2.4. Effects are generally evaluated at the population or higher level 
rather than at the level of individual organisms, except in the case of endangered 
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species and humans, where individuals are of concern. If a reasonable complete 
exposure route to a ROC population outside the CDF exists, there is generally no 
risk of an effect unless there is potential for a sufficient number of individual 
organisms to be affected in a manner severe enough to threaten the long-term 
sustainability of viable local populations of the ROC species outside the CDF. 

The conceptual site model constructed from existing Tier I information is 
examined. The site-specific COC and ROC for animal bioaccumulation are 
identified. Any reasonable, potentially complete exposure routes to ROC outside 
the CDF are described. Any incomplete exposure routes to ROC outside the 
CDF, and any potentially complete routes that clearly involve such minimal 
potential exposure as to pose negligible risk of unacceptable adverse effect, are 
described. 

8.2.4 Tier I - Animal Bioaccumulation Decision 

After consideration of the Tier I animal bioaccurnulation information in the 
context of the conceptual site model, one of the following conclusions is reached 
(Figure 8-1 ). 

1. Jnfonnation is sufficient to reach a decision without further evaluation. 
This is the case if there are no reasonable, potentially complete exposure 
routes, or all potentially complete routes clearly involve such minimal 
potential exposure as to pose negligible risk of any effects, to ROC 
populations outside the CDF. No further evaluation of animal 
bioaccumulation is necessary. 

2. Information is not sufficient to reach a decision regarding animal 
bioaccurnulation. This is the case if there are potentially complete 
exposure routes that may pose a potential risk to ROC populations outside 
the CDF. 

8.3 Tier II - Theoretical Bioaccumulation Potential 

The Tier II animal bioaccumulation evaluation considers earthworms as the 
primary animals for direct bioaccumulation of COC from dredged material in 
terrestrial habitats in CDFs. If these organisms bioaccurnulate COC, they may 
provide a crucial link in a complete exposure route to off-site consumers that may 
feed in the CDF. There is generally not a complete exposure route to off-site 
consumers for those COC not taken up by earthwonns. Theoretical 
bioaccurnulation potential (TBP) is used for Tier II evaluation of animal 
bioaccurnulation. 

To date, the TBP calculation has been used only in relation to 
bioaccurnulation of nonpolar organic chemicals such as PCBs in aquatic 
organisms. However, theoretical considerations indicate the procedure should 
also be applicable to earthworms, and its utility for these organisms is being 
confirmed. TBP is used for bioaccumulation of nonpolar organic chemicals by 
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earthworms in the Tier II evaluation animal bioaccumulation in the UTM. 
Methods for TBP calculations with metals and polar organic compounds are under 
development and may be added to this manual in the future. 

It is useful to calculate the TBP for nonpolar organic COC, because it may 
show these compounds are not bioavailable and thus do not warrant further 
evaluation in higher tiers. If further evaluation of any nonpolar organic COC is 
warranted, TBP provides an indication of the magnitude ofbioaccumulation that 
may occur. 

Nonpolar organic chemicals include all organic compounds that do not 
dissociate or form ions. This includes the chlorinated hydrocarbon pesticides, 
many other halogenated hydrocarbons, PCBs, many PA Hs including all the 
priority pollutant PAHs, dioxins, and furans. It does not include metals and metal 
compounds, organic acids or salts, or organometallic complexes such as tributyltin 
or methyl mercury. 

The environmental distribution of nonpolar organic chemicals is controlled 
largely by their solubility in various media. Therefore, in sediments they tend to 
occur primarily in association with organic matter (Karickhoff 1981 ). In 
organisms they are found primarily in the body fats or lipids (Konemann and 
van Leeuwen 1980; Geyer et al. 1982; Mackay 1982; Bierman 1990). 

8.3.1 Tier II - Theoretical Bioaccumulation Potential Procedure 

Bioaccumulation of nonpolar organic compounds from dredged material can 
be estimated from the organic carbon content of the material, the lipid content of 
the organism, and the relative affinities of the chemical for sediment organic 
carbon and animal lipid content. The TBP calculation assumes that various lipids 
in different organisms and organic carbon in different sediments are similar and 
have similar distributional properties. Other simplifying assumptions are that 
chemicals are freely exchanged between the sediments and tissues and that 
compounds behave conservatively. Jn reality, compound size and structure may 
influence accumulation, and portions of organic compounds present on suspended 
particulates may have kinetic or structural barriers to availability. Another 
important assumption implicit in the TBP calculations is that there is no metabolic 
degradation or biotransformation of the chemical. Organic carbon normalized 
contaminant concentrations are used such that the sediment-associated chemical 
can be characterized as totally bioavailable to the organism. Calculations based 
on these assumptions yield an environmentally protective (e.g., overestimate) TBP 
value for the dredged material if the dredged material in question is the only 
source of the contaminant for the organism. Note that TBP calculations are not 
valid for sediments or soils with total organic carbon (TOC) content less than or 
equal to 0.2 percent. 

For each nonpolar organic COC, TBP is calculated for the dredged material 
and the reference material according to the guidance in Appendix G. The TBP of 
the dredged material is compared statistically to the reference TBP to determine 
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whether there is an indication of greater bioaccumulation from the dredged 
material than from the reference. 

8.3.2 Tier II - Theoretical Bioaccumulation Potential Decision 

After consideration of the Tier II animal bioaccumulation information in the 
context of the conceptual site model and the complete exposure routes to ROC 
populations outside the CDF, one of the following conclusions is reached for 
nonpolar organic COC. 

1. Information is sufficient to reach a decision regarding animal 
bioaccumulation. This is the case where the TBP of the dredged material 
is not statistically greater than the TBP of the reference material. No 
further evaluation of animal bioaccumulation is necessary. 

2. Information is not sufficient to reach a decision regarding animal 
bioaccumulation. This is the case if the TBP of the dredged material is 
statistically greater than the TBP of the reference material, or there are 
COC other than nonpolar organics. Further evaluation in Tier III, or 
management actions as an alternative to further evaluation, should be 
considered. A decision to implement management actions for animal 
bioaccumulation by interrupting complete exposure routes to ROC 
outside the CDF may require more detailed information prior to design of 
such actions. If management actions are selected, no further evaluation of 
animal bioaccumulation is necessary. 

8.4 Tier Ill - Animal Bioaccumulation Test 

The Tier III animal bioaccumulation test uses earthworms for the same reason as 
the Tier II evaluation. The Tier III procedure determines the potential 
bioaccumulation of COC under freshwater terrestrial conditions by earthworms, a 
representative soil invertebrate known to accumulate a wide variety of 
contaminants from the soil in which it lives. This test procedure has been 
established as ASTM SE-1676 Standard Procedure (ASTM 1997) and is provided 
in Appendix G. The procedure is applicable to all COC for animal 
bioaccumulation, whatever their chemical nature. The bioaccumulation assay 
provides information on (1) bioavailability and mobility of COC from soil to the 
soil-dwelling earthworms, and (2) the potential for COC movement to higher 
organisms (e.g., birds, mammals, amphibians, reptiles) from off the site linked to 
worms in the food web. 

8.4.1 Tier Ill - Animal Uptake Test Procedure 

The Tier III animal bioaccumulation procedure measures COC 
bioaccumulation by earthworms from the dredged material and a reference 
material. The test consists of a direct exposure of the earthworms in both dredged 
material and reference. A photo of a typical test setup is shown in Figure 8-2. 
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Concentrations of COC in tissues of organisms in the dredged material are 
statistically compared to the concentrations in tissues of organisms in the 
reference material to determine whether there is an indication of greater 
bioaccumulation from the dredged material than from the reference. See 
Section 2.3.5 for additional details on selection of an appropriate reference 
material. 

8.4.2 Tier Ill - Animal Bioaccumulation Decision 

After consideration of the Tier III animal bioaccumulation information in the 
context of the conceptual site model and the complete exposure routes to ROC 
populations outside the CDP, one of the following conclusions is reached. 

1. Bioaccumulation from the dredged material is not statistically greater than 
bioaccumulation from the reference material. No further evaluation of 
animal bioaccumulation is necessary. 

2. Bioaccumulation from the dredged material is statistically greater than 
bioaccumulation from the reference material. Therefore the magnitude of 
potential effects on ROC populations outside the CDF must be 
considered, leading to a conclusion that either: 

Figure 8-2. Photo of the animal uptake bioassay 
setup 

a. There is little potential for effects on ROC populations outside the 
CDF. No further evaluation of animal bioaccumulation is necessary. 

b. Effects on ROC populations outside the CDF are likely, and 
management actions should be considered. A decision to implement 
management actions for animal bioaccumulation by interrupting 
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complete exposure routes to ROC populations outside the CDF may 
require more detailed information prior to design of such actions. If 
management actions are selected, no further evaluation of animal 
bioaccumulation is necessary. 

3. Information is not sufficient to reach a decision regarding animal 
bioaccumulation. Further evaluation in Tier IV, or management actions 
as an alternative to further evaluation, should be considered. A decision 
to implement management actions for animal bioaccumulation by 
interrupting complete exposure routes to ROC populations outside the 
CDF may require more detailed information prior to design of such 
actions. If management actions are selected, no further evaluation of 
animal bioaccumulation is necessary. 

8.5 Tier IV - Animal Bioaccumulation Risk 
Assessment 

8.5.1 Evaluation 

The elimination of incomplete exposure pathways in Tier I and the 
elimination of COC that do not bioaccumulate to levels causing effects in ROC 
populations outside the CDF in Tiers II and III should have resolved most animal 
bioaccumulation issues for most dredged materials. Tier IV is intended to answer 
whatever specific, well-defined technical questions may remain unanswered after 
thorough evaluation in earlier tiers. If earlier tiers are used properly, Tier IV 
should rarely be necessary for navigation projects (Sections 2.1.4 and 2.1.5). 

By the nature of the tiered evaluation approach, any technical questions that 
remain unresolved after Tier III can best be answered by a detailed, case-specific 
evaluation. By their very nature, detailed case-specific evaluations are not 
amenable to the kind of generic guidance that can be presented in a national 
manual. They require individual design to address unique technical questions 
under site-specific conditions. 

The best approach for Tier IV is usually a case-specific risk assessment. 
Detailed guidance for conducting risk assessments for CDFs in Tier IV can be 
found in Cura, Wickwire, and McArlde (in preparation). The information 
generated in Tiers I through III should be used to the maximum extent technically 
justified throughout the Tier IV risk assessment. 

8.5.2 Tier IV - Animal Bioaccumulation Decision 

After consideration of the Tier IV evaluation results, all relevant information 
is available and no further evaluation is possible. One of the following 
conclusions is reached. 

1. No management actions are required. 
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2. Management actions should be considered. A decision to implement 
management actions for animal bioaccumulation by interrupting complete 
exposure routes to ROC populations outside the CDF may require more 
detailed information prior to design of such actions. 

8.6 Animal Bioaccumulation Management Actions 

When there is concern about the potential for effects related to animal 
bioaccumulation, management actions related to the design, operation, and 
management of the CDF may be considered. In general, anything that interrupts a 
complete exposure route to ROC populations outside the CDF may act as an 
effective control of animal bioaccumulation. Therefore, the evaluation that 
identifies complete exposure routes will often also provide ideas for management 
actions that interrupt them. Additional infonnation on management actions and 
references for detailed guidance on such actions are found in Chapter 10 of this 
manual. 
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9 Plant Bioaccumulation 

9.1 General Considerations 

In the context of the UTM, plant uptake refers to the bioaccumulation of COC 
from dredged material in the tissues of plants growing on the dredged material. 
Depending on its design and management, different portions of a CDP may 
consist of terrestrial, wetland, or aquatic habitats at any one time, and these 
habitats may occur in any portion of a CDF at different times during the design 
life of the CDP. The UTM addresses bioaccumulation by terrestrial plants of 
COC from the dredged material under terrestrial (wetland and upland) habitat 
conditions. 

Metals are the most common class of COC for which plant uptake is of 
concern. Only a limited number of organics are of concern for plant uptake, e.g., 
certain energetics (RDX), certain solvents (e.g., TCE). 

9.1.1 Plant Bioaccumulation Processes 

Plants may bioaccumulate COC from dredged material in terrestrial, wetland, 
and aquatic habitats in a CDF. Once a COC is in the tissues of a plant, it can be 
passed along to other species in the food web that feed on it. This trophic transfer 
can create complete exposure routes by which COC from the dredged material can 
come into direct physiological contact with organisms that do not live or feed in 
direct contact with the dredged material. These complete exposure routes may 
include organisms such as foxes that prey on rodents that eat plants from 
terrestrial habitats in CDFs, numerous species that prey on herbivores in wetland 
habitats in CDPs, and birds, animals, or humans that eat fish caught from aquatic 
habitats in CDPs. 

9.1.2 Regulatory Considerations 

As explained in Chapter 1, there are no regulatory standards for contaminant 
uptake by plants and animals at CDPs. Land application of sludge and waste soils 
regulatory protocols are not designed to address the unique characteristics that 
occur as sediments dry and colonize with wetland or terrestrial plants and animals. 
Also, the plant and animal routes of exposure are different and are treated 
differently in this manual. It is USACE policy that the procedures used in this 
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manual provide a basis for determining ifbioaccumulation in plants poses a risk 
of effects on populations of receptors of concern outside the CDF. 

The UTM is concerned only with effects outside the CDF. Therefore, in the 
UTM plant bioaccumulation is of concern only if it is part of a complete exposure 
pathway from the dredged material to animals that live outside the CDF and feed 
(either as herbivores or predators of herbivores) on plants that bioaccumulate 
COC from the dredged material in the CDF. 

To illustrate the concept, in the context of the UTM there is typically not a 
concern about COC. 

Bioaccumulation by: Unless: 

• Terrestrial plants • A bird flies in from offsite and eats the the plant 
in a CDF (geese eat tubers and leaves) 

• Aquatic plants in • A person catches and eats a fish from aquatic 
aCDF habitats within the CDF that feeds on herbivorous 

aquatic invertebrates 

• Wetland plants in • A fox comes onto the site and eats a herbivorous 
aCDF rodent 

Because the concern in the UTM is for potential effects outside the site, 
bioaccumulation is considered a component of exposure for off-site ROC, and is 
not evaluated as an indicator of potential effects on the on-site plants that may 
accumulate the COC directly from the dredged material. Unlike the other 
contaminant mobility pathways addressed in the UTM, there are presently no 
standards or criteria that can be directly applied in a technically sound manner to 
plant (or animal) bioaccumulation. Therefore, plant bioaccumulation from 
dredged material in a CDF is evaluated on the basis of its potential to cause effects 
on animal populations outside the site (Section 2.2.4). 

The first step in determination of the potential for effects is to compare 
bioaccumulation from the dredged material to that from a properly selected 
reference material. If bioaccumulation from the dredged material is not 
statistically greater than that from the reference material, bioaccumulation is not 
considered to pose a potential for effects. Ifbioaccumulation from the dredged 
material is statistically greater than from the reference material, further evaluation 
in subsequent tiers is necessary to determine the potential for effects. Because the 
reference material is carefully selected to represent acceptable conditions, 
whatever bioaccumulation it may cause is an acceptable level of plant 
bioaccumulation. Although statistical significance, per se, cannot indicate 
environmental importance, a statistically significant increase above reference 
bioaccumulation has been considered in the OTM and ITM to indicate a potential 
for effects, and that convention is followed in the Tiers II and III plant 
bioaccumulation in the UTM. Detailed decision guidance is provided in the 
discussions of each of the tiers. 
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9.1.3 Data Requirements 

The evaluation of plant bioaccumulation requires infonnation on the CDF and 
its environmental setting, the planned dredged material management, and the 
characteristics of the dredged material, as well as information on animal ROC 
populations outside the CDF from Chapter 8. Much of this comes from the 
available information complied in Tier I, supplemented (if necessary) by the 
Tier II and Tier III test data. 

9.1.4 Summary of Tiered Evaluation of Plant Bioaccumulation 

The other contaminant mobility pathways addressed in the UTM are evaluated 
primarily on the basis of standards or criteria, and risk assessment plays a 
relatively minor role in Tiers I through III. In the absence of technically 
applicable standards or criteria, plant (and animal) bioaccumulation evaluations in 
the UTM rely more directly on risk assessment in Tiers I through III. Evaluation 
of all pathways relies on risk assessment in Tier IV. 

The risk-based approach to evaluation of plant bioaccumulation is structured 
around the conceptual site model developed in Tier I. The conceptual site model 
provides the framework and the context for conducting the evaluation (Cura, 
Wickwire, and McArlde in preparation). It describes the dredged material 
management planned, the environmental setting of the site, and how the planned 
site management interacts with the environmental setting to determine what 
effects might potentially occur. The evaluation in Tiers I through III emphasizes 
three components evaluated in the context of the conceptual site model: 

• Receptors of concern (ROC), discussed in Section 2.2.3. These are 
animal populations off the site. 

• Constituents or contaminants of concern (COC), discussed in Sections 
2.2.2 and 3.4. 

• Complete exposure routes, discussed in Section 3.2.4. Identification of 
reasonable complete exposure routes by which ROC can come into direct 
physiological contact with COC is key to the entire evaluation. If there 
are no reasonable complete exposure routes, there can be no exposure and 
thus no effect or risk. 

Tier I involves many activities essential to the entire evaluation. It includes 
compilation of available information, construction of a conceptual site model, 
development of initial COC, identification of ROC, and identification of complete 
exposure routes. Identification of complete exposure routes (and by implication, 
those potential exposure routes that are not complete and thus pose no risk) is a 
major emphasis of Tier I. Tier I also includes evaluation of the available 
information to reach a decision about the acceptability of any COC/ROC/exposure 
pathway combinations for which there is sufficient information for a decision and 
identify the remaining COC for further evaluation in subsequent tiers. 
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If a decision about the need for management actions based on plant 
bioaccumulation cannot be reached based on existing information in Tier I, the 
evaluation may be carried to Tier II. Tier II consists of evaluation of the potential 
for bioaccumulation of metals by plants growing in freshwater dredged material in 
terrestrial or upland habitats based on dredged material extraction with 
diethylenetriamine pentaacetic acid (DTPA), as well as a prescreen applicable in 
specific circumstances described in Section 9.3. Those metals for which the 
DTP A results indicate little potential for bioaccumulation may be eliminated with 
regard to plant bioaccumulation, and those metals and other COC for which 
further information is necessary to reach a decision may be carried to Tier III. 

Tier III consists oflaboratory bioaccumulation tests for the remaining COC by 
plants growing in freshwater or saltwater dredged material under terrestrial or 
wetland conditions. Those COC for which the results indicate little potential for 
bioaccumulation may be eliminated with regard to plant bioaccumulation, and 
those for which further information is necessary to reach a decision may be carried 
to Tier IV. The evaluations of Tiers I through III will be sufficient to reach a 
decision about most COC in most cases. In those situations where this is not the 
case, a full risk assessment of the remaining COC may be conducted in Tier IV. 

The procedures in the various tiers can be applied to evaluate the performance 
of existing CDFs and to design new sites. For existing sites, the techniques can be 
used to predict the potential for bioaccumulation for a given set of anticipated opera
tional conditions (e.g., CDP size). In a similar manner, the required operational 
conditions for a new site (e.g., frequency of new lifts) to avoid bioaccumulation can 
be determined by comparing the predicted bioaccumulation for a variety of assumed 
operational conditions. In either case, evaluation of bioaccumulation must be 
considered in conjunction with a sound design of the CDP for retention of 
suspended solids and initial storage of the sediments to be dredged. 

9.2 Tier I - Initial Evaluation of Plant 
Bioaccumulation 

Plant bioaccumulation is evaluated only if the Tier I evaluation of the 
proposed project (Chapter 3) demonstrates that contaminant evaluations are 
needed and that plant bioaccumulation is a contaminant mobility pathway of 
concern for the project. It is important to consider prior evaluations of the plant 
bioaccumulation pathway to determine if additional evaluations are needed. For 
example, if prior tests or evaluations are available, and project conditions and 
dredged material characteristics are unchanged, new evaluations may not be 
necessary. 

9.2.1 Compilation and Evaluation of Existing Information 

The Tier I information generated in Chapter 3 is the technical basis for the 
Tier I evaluation of plant bioaccumulation. Because the Tier I plant (and animal) 
bioaccumulation evaluation relies more heavily on a risk assessment approach 
than the evaluation of the other pathways, the Tier I infonnation from Chapter 3 is 
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organized and used in a risk assessment framework. The information is compiled 
and used as described for evaluation of animal bioaccumulation in Section 8.2. l. 
The project-specific conceptual site model developed for animal bioaccumulation 
is also used for plant bioaccumulation, with the obvious modifications to identify 
COC for plant bioaccumulation (which may be different from animal 
bioaccumulation COC) and reasonable potentially complete exposure routes 
involving plant bioaccumulation to ROC populations outside the CDF. The ROC 
populations outside the CDF for plant bioaccumulation will be the same as the 
ROC populations for animal bioaccumulation. The Tier I plant bioaccumulation 
evaluation emphasizes identification of complete exposure routes in the context of 
the conceptual site model. There can be no risk unless there is a complete 
exposure route by which a ROC can come into direct physiological contact with a 
coc. 

9.2.2 Tier I - Evaluation Procedure 

A fundamental emphasis of the Tier I evaluation is on identification of 
complete exposure routes to ROC outside the CDF. Complete exposure routes are 
evaluated in Tier I if the available information is sufficient to make a decision, 
and if there is not sufficient information to support a decision, they are carried to 
subsequent tiers for more detailed evaluation. Incomplete exposure routes to 
ROC outside the CDF, and complete routes that are clearly involve such minimal 
potential exposure as to pose negligible risk of unacceptable adverse effect, are 
documented and eliminated from further consideration. 

A key to the evaluation of ecological impacts of plant bioaccumulation in Tier 
I, as well as in subsequent tiers, is the concept of effect as discussed in Section 
2.2.4. Effects are generally evaluated at the population or higher level rather than 
at the level of individual organisms, except in the case of endangered species and 
humans, where individuals are of concern. If a reasonable complete exposure 
route to an ROC population outside the CDF exists, there is generally no risk of 
an effect unless there is potential for a sufficient number of individual organisms 
to be affected in a maimer severe enough to threaten the long-term sustainability 
of viable local populations of the ROC species outside the CDF. 

The conceptual site model constructed from existing Tier I information is 
examined. The site-specific COC and ROC for plant bioaccumulation are 
identified. Any reasonable, potentially complete exposure routes to ROC outside 
the CDF are described. Any incomplete exposure routes to ROC outside the CDF 
and any potentially complete routes that clearly involve such minimal potential 
exposure as to pose negligible risk of unacceptable adverse effect are described. 

9.2.3 Tier I - Plant Bioaccumulation Decision 

After consideration of the Tier I plant bioaccumulation information in the 
context of the conceptual site model, one of the following conclusions is reached 
(Figure 9-1 ). 
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Figure 9-1. Flowchart illustrating tiered evaluation approach for the plant uptake pathway 
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1. Information is sufficient to reach a decision without further evaluation. 
This is the case if there are no reasonable, potentially complete exposure 
routes, or all potentially complete routes clearly involve such minimal 
potential exposure as to pose negligible risk of any effects, to ROC 
populations outside the CDF. No further evaluation of plant 
bioaccumulation is necessary. 

2. Information is not sufficient to reach a decision regarding plant 
bioaccumulation. This is the case if there are potentially complete 
exposure routes that may pose a potential risk to ROC populations outside 
the CDF. 

9.3 Tier II -Prediction of Plant Bioaccumulation 
Potential 
9.3.1 Tier II - Prescreen Evaluation of Field Plant Tissue 

Tier II provides a prescreening procedure that may be used in situations where 
(1) a CDF has historically received only dredged material from the project being 
evaluated, (2) there is reason to believe contaminant-related characteristics of the 
dredged material have not changed since the last placement of this material in the 
CDF, and (3) plants of the same species are established on the CDF and on nearby 
naturally occurring habitats that reflect environmental conditions that would have 
existed in the vicinity of the CDF if dredged material had never been placed there, 
but all other influences on environmental quality at the site had occurred. Under 
these circumstances, the same species of plants from the CDF and the similar 
nearby habitats may be sampled and analyzed for COC and their COC 
concentrations compared. If the COC concentrations in the plants from the 
dredged material do not statistically exceed the concentrations in the plants from 
the nearby habitats, this indicates that bioavailability of the COC from the dredged 
material is not greater than in surrounding habitat and there is no need for further 
evaluation. Other results indicate that further evaluation in Tiers II or III should 
be considered. 

9.3.2 DTPA Procedure for Prediction of Plant Bioaccumulation 
Potential 

A simplified tool for the prediction of plant bioaccumulation of metals by 
plants is the extraction of metals from sediment using diethylenetriamine
pentaacetic acid (DTPA). The DTPA extraction procedure is described by Lee et 
al. (1978) and Folsom, Lee, and Bates (1981). The DTPA procedure has been 
used in a number of studies to successfully predict plant bioaccumulation from 
dredged material placed in terrestrial (wetland and upland) environments (Lee, 
Folsom, and Engler 1982; Lee, Folsom, and Bates 1983; U.S. Army Engineer 
Waterways Experiment Stationl987) and compared well with actual 
concentrations of metals in leaves ofbioassay plants. Sediment from the proposed 
dredging project is extracted using the DTPA procedure in both the wet and air
dried conditions to represent wetland and terrestrial conditions in a CDF. 
Reference soil is also subjected to the DTPA extraction for comparison. The 
DTP A procedure can be applied directly to freshwater dredged material. For 
upland conditions, plant growth in dredged material from saltwater environments 
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effectively occurs only after the salts have been leached from the surface layer by 
precipitation. Therefore the DTP A can be applied to saltwater dredged material 
after the material has been prepared in the laboratory to reflect salt leached 
conditions. 

Guidance for the DTPA extraction procedures is provided in Appendix H. 
Although DTP A extraction can only be used for evaluation of potential plant 
bioaccumulation of metals from freshwater dredged material, it is a useful 
procedure because metals are the most common COC for plant bioaccumulation. 
Because the DTP A is limited to metals, evaluation in a subsequent tier is 
necessary for plant bioaccumulation of all other COC. If there are COC other 
than metals, the DTP A should not be conducted and the plant bioaccumulation 
evaluation may proceed to Tier III. 

9.3.3 Tier II - Plant Uptake Program (PUP) 

A computerized program, the Plant Uptake Program (PUP) uses the results of 
the DTP A extraction procedure to predict bioaccumulation of metals from 
freshwater dredged material by freshwater plants and compare the results to a 
background or reference sediment or soil (Folsom and Houck 1990). The model 
requires total sediment metals concentrations, DTP A extraction data, sediment 
organic matter content, and the sediment pH in the condition of placement 
(wetland or terrestrial). The PUP program statistically compares the DTPA 
prediction of plant bioaccumulation from the dredged material to the prediction 
from the reference material to detennine whether there is an indication of greater 
bioaccumulation from the dredged material than from the reference. Because the 
reference material is carefully selected to represent acceptable conditions, 
whatever bioaccumulation it may cause is an acceptable level of plant 
bioaccumulation. Although statistical significance, per se, cannot indicate 
environmental importance, a statistically significant increase above reference 
bioaccumulation has previously been considered to indicate a potential for effects, 
and that convention is followed in the Tiers II and III plant bioaccumulation in the 
UTM. The PUP program is described inhttp://www.wes.army.mil/el/elmodels/ 
pdf/ee-04-12.pdf and the program can be downloaded from http://www. wes.army. 
mil/el/ elmodels/index. html. 

9.3.4 Tier II - Plant Bioaccumulation DTPA Decision 

After consideration of the Tier II plant bioaccumulation infonnation in the 
context of the conceptual site model and the complete exposure routes to ROC 
populations outside the CDF, one of the following conclusions is reached for 
nonpolar organic COC. 

1. Information is sufficient to reach a decision regarding plant 
bioaccumulation. This is the case where the DTP A prediction of plant 
bioaccumulation from the dredged material is not statistically greater than 
the prediction from the reference material. No further evaluation of plant 
bioaccumulation is necessary. 

2. Information is not sufficient to reach a decision regarding plant 
bioaccumulation. This is the case if the DTP A prediction of plant 
bioaccumulation from the dredged material is statistically greater than the 
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prediction from the reference material, or there are COC for plant uptake 
other than metals. Further evaluation in Tier III, or management actions 
as an alternative to further evaluation, should be considered. A decision 
to implement management actions for plant bioaccumulation by 
interrupting complete exposure routes to ROC outside the CDF may 
require more detailed infonnation prior to design of such actions. If 
management actions are selected, no further evaluation of plant 
bioaccumulation is necessary. 

9.4 Tier Ill - Plant Bioaccumulation Test 
The Tier III plant bioaccumulation procedure involves growing index plants 

on the dredged material and reference soils and detennining growth and 
bioaccumulation of COC. A photo of the test setup is shown in Figure 9-2. Two 
index plant species are available for use, depending on the dredged material and 
habitat tested. The procedure determines both the potential plant growth and the 
plant bioaccumulation of all COC. Plant growth is measured by the yield of 
aboveground tissue. Bioaccumulation is measured by the translocation and 
accumulation of COC into the aboveground tissues of the plant. The procedure 
applies to both marine and freshwater dredged material in both wetland and 
terrestrial habitat conditions. Detailed, step-by-step procedures are provided in 
Appendix I. 

Figure 9-2. Photo of the plant bioassay test setup 
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9.4.1 Tier Ill - Plant Survival and Growth 

The initial information of interest is whether or not plants will grow on the 
dredged material. This is usually not a concern with dredged material disposal in 
a CDF unless plant cover is part of the management strategy for aesthetics, to 
minimize surface water runoff, for habitat, or other reasons. Obviously, plant 
bioaccumulation would not be a concern if plants were unable to survive in the 
CDF because of toxicity from salts, metals or organic contaminants, low pH, or 
other plant-limiting soil conditions. However, toxicity to plants is a flag that may 
indicate a potential need to carefully manage the site to include possible control 
measures for other pathways such as surface runoff or animal bioaccumulation. 

The procedure can be used to determine the plant growth on dredged material 
in both saturated (wetland) and air-dried (terrestrial) habitat conditions. Except for 
leaching of salts for the evaluation of saline dredged material under terrestrial 
conditions, no other processes to enhance plant growth are conducted. The 
specific use of index plants is described in the next section. A control sediment or 
soil is included in the test for the usual purposes of a laboratory control, and a 
reference sediment or soil is included to provide a point of comparison for 
evaluation of the test results. 

9.4.2 Tier Ill - Plant Bioaccumulation of Contaminants 

The plant bioaccumulation test procedure addresses geochemical changes in 
dredged material in a CDF and the subsequent bioaccumulation of COC by plants 
growing on the dredged material. The procedure is described by Folsom and 
Price (1989) for plants in freshwater dredged material under terrestrial and 
wetland habitat conditions, by Lee et al. ( 1992a, l 992b, 1993a and l 993b) for 
plants in saltwater dredged material under terrestrial habitat conditions, and by 
Lee et al. (2000) for plants in saltwater dredged material under wetland habitat 
conditions. 

The plant bioaccumulation procedure consists of the exposure of index plants 
to dredged material and to a reference soil or sediment. The dredged material and 
reference material are (l) prepared to simulate wetland (saturated) habitat 
conditions, or (2) processed by drying and oxidation to simulate terrestrial habitat 
conditions, then planted with seedlings of the appropriate specie. Spartina 
alterniflora is used for saltwater wetland habitat conditions. ()lperus esculentus 
is used for saltwater terrestrial, freshwater wetland, and freshwater terrestrial 
habitat conditions. The procedure calls for growth of the plant through vegetative 
maturity on the sediment in an environmentally controlled greenhouse. 
Aboveground plant tissues are harvested and analyzed for COC concentrations. 

Concentrations of COC in tissues of plants grown in the dredged material are 
statistically compared to the concentrations in tissues of plants in the reference 
material to determine whether there is an indication of greater bioaccumulation 
from the dredged material than from the reference. Because the reference material 
is carefully selected to represent acceptable conditions, whatever bioaccumulation 
it may cause is an acceptable level of plant bioaccumulation. 
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9.4.3 Tier Ill - Plant Bioaccumulation Decision 

After consideration of the Tier III plant bioaccumulation information in the 
context of the conceptual site model and the complete exposure routes to ROC 
populations outside the CDF, one of the following conclusions is reached. 

1. Bioaccumulation from the dredged material is not statistically greater than 
bioaccumulation from the reference material. No further evaluation of 
plant bioaccumulation is necessary. 

2. Bioaccumulation from the dredged material is statistically greater than 
bioaccumulation from the reference material. Therefore the magnitude of 
potential effects on ROC populations outside the CDF must be 
considered, leading to a conclusion that either: 

a. There is little potential for effects on ROC populations outside the 
CDF. No further evaluation of plant bioaccumulation is necessary. 

b. Effects on ROC populations outside the CDF are likely, and 
management actions should be considered. A decision to implement 
management actions for plant bioaccumulation by interrupting 
complete exposure routes to ROC populations outside the CDF may 
require more detailed information prior to design of such actions. If 
management actions are selected, no further evaluation of plant 
bioaccumulation is necessary. 

c. Information is not sufficient to reach a decision regarding plant 
bioaccumulation. Further evaluation in Tier IV, or management 
actions as an alternative to further evaluation, should be considered. 
A decision to implement management actions for plant 
bioaccumulation by interrupting complete exposure routes to ROC 
populations outside the CDF may require more detailed information 
prior to design of such actions. If management actions are selected, 
no further evaluation of plant bioaccumulation is necessary. 

9.5 Tier IV - Plant Bioaccumulation Risk 
Assessment 

9.5.1 Evaluation 

The elimination of incomplete exposure pathways in Tier I and the 
elimination of COC that do not bioaccumulate to levels causing effects to ROC 
populations outside the CDF in Tiers II and III should have resolved most plant 
bioaccumulation issues for most dredged materials. Tier IV is intended to answer 
whatever specific, well-defined technical questions may remain unanswered after 
thorough evaluation in earlier tiers. If earlier tiers are used properly, Tier IV 
should rarely be necessary for navigation projects (Sections 2.1.4 and 2.1.5 ). 
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By the nature of the tiered evaluation approach, any technical questions that 
remain unresolved after Tier III can best be answered by a detailed, case-specific 
evaluation. By their very nature, detailed, case-specific evaluations are not 
amenable to the kind of generic guidance that can be presented in a national 
manual. They require individual design to address unique technical questions 
under site-specific conditions. 

The best approach for Tier IV is usually a case-specific risk assessment. 
Detailed guidance for conducting risk assessments for CDFs in Tier IV can be 
found in Cura, Wickwire, and McArlde (in preparation). The information 
generated in Tiers I through III should be used to the maximum extent technically 
justified throughout the Tier IV risk assessment. 

9.5.2 Tier IV - Plant Bioaccumulation Decision 

After consideration of the Tier IV evaluation results, all relevant information 
is available and no further evaluation is possible. One of the following 
conclusions is reached. 

1. No management actions are required. 

2. Management actions should be considered. A decision to implement 
management actions for plant bioaccumulation by interrupting complete 
exposure routes to ROC populations outside the CDF may require more 
detailed information prior to design of such actions. 

9.5.3 Plant Bioaccumulation Management Actions 

When there is concern about the potential for effects related to plant 
bioaccumulation, management actions related to the design, operation, and 
management of the CDF may be considered. In general, anything that interrupts a 
complete exposure route to ROC populations outside the CDF may act as an 
effective control of plant bioaccumulation. Therefore, the evaluation that 
identifies complete exposure routes will often also provide ideas for management 
actions that interrupt them. Additional information on management actions and 
references for detailed guidance on such actions are found in Chapter 10 of this 
manual. 
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10 CDF Contaminant 
Management Actions 

If the evaluations for one or more of the contaminant pathways indicate 
impacts for the proposed CDF design and placement option under consideration, 
management actions may be considered (USACE/EP A 1992). Management 
actions may include managing or modifying the proposed placement operation, 
modification of the CDF design or geometry, treatment of effluent, runoff, or 
leachate discharges, and physical management such as covers, liners, or barrier 
systems. Several studies have described these management actions and the degree 
to which they have been applied to CDFs (Averett, Perry, and Torrey 1990; 
USEPA 1994; National Research Council 1997; Permanent International 
Navigation Association (PIANC) 1996; Palermo and Averett 2000). 

Since CDFs are a containment option, necessary management actions can be 
designed, constructed, and operated to meet requirements for even the most highly 
contaminated dredged sediments. For this reason, use of the CDF option per se 
would rarely be found technically infeasible. 

In considering appropriate management actions, the influence of a given 
action on multiple pathways should be considered. For example, incorporating a 
surface cover of clean material as a final layer in the CDF may serve to reduce 
potential impacts of surface runoff, leachate and bioaccumulation pathways. 
Table l 0-1 summarizes the applicability of various types of control measures 
management actions to each CDF pathway. 

Once a management action is considered, the pathways influenced by that 
action should be reevaluated. The reevaluation would necessarily be an iterative 
process, as the reduction of the various pathway releases is considered. 
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Table 10-1 
Applicability of Various Management Actions to CDF Pathways 

Applicability to Pathways 
Management Actions Effluent Runoff Leachate Volatiles Animal Plant 

Operational controls • • • • 
Selective placement • • • • • 
Surface covers • • • • • 
Lateral barrier systems • 
Bottom and side liners • 
Treatment of discharges • • • 
Sediment treatment • • • • • 

10.1 Operational Management Actions 

If the CDF cannot be sized to provide sufficient clarification of effluent to 
meet applicable suspended solidsiturbidity standards, control and treatment 
measures can be considered. Since a large portion of the total concentration of 
contaminants in effluents is associated with the suspended solids, reduction in the 
suspended solids also serves to control contaminant releases. Suspended solids 
removal therefore offers the greatest benefits in improving effluent quality not 
only by reducing turbidity but also by removing particulate-associated 
contaminants. Effluent quality may be improved by: 

• Use of a smaller dredge with reduced inflow rate. 

• Providing increased ponded area and depth of the CDF. 

• Relocation of the inflow and effluent discharge points. 

• Treatment or filtration of effluent to reduce the concentration of 
suspended solids and associated contaminants in the effluent. 

• Treatment of effluent to remove dissolved contaminants. 

Simply increasing the ponding depth will increase retention time in the pond 
for a given inflow rate. Restricting the inflow rate or consideration of intermittent 
pumping will also increase retention time. Relocation of inflow and weir 
locations may also increase the hydraulic settling efficiency of the site. Although 
these management actions are easy to implement, they will influence the 
production rate and may increase costs. 

Site operations can also be used to manage CDFs to reduce the exposure of 
material through the surface water, volatilization, and leachate pathways. 
Management actions may include management of the water ponded in the CDF 
during and after disposal operations. Mobilization of contaminants from dredged 
material depends on the oxidation state of the solids. Most metals are much less 
mobile when maintained in an anaerobic reduced condition. On the other hand, 
aerobic sediments generally improve conditions for biodegradation of organic 
contaminants. Aerobic sediments generally present the greatest potential for 
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volatilization of contaminants. Whether to cultivate or inhibit plant and animal 
propagation is also an issue. Management of the site both during filling and after 
disposal requires a comprehensive understanding of the migration pathways and 
the effects various management actions have on the overall mass balance and rate 
of contaminant releases. The decision to apply certain management actions 
requires trade-offs for the site and contaminant- specific conditions for the project. 

Selective placement is another management action especially useful for 
control of the leachate pathway. Options include: 

• Sequencing or sandwiching with alternating layers of clean and 
contaminated material to provide for attenuation (sorption, ion exchange, 
filtration, biodegradation, etc.) or containment of contaminants. 

• Self-sealing/self-lining taking advantage of the fine-grained nature of 
dredged material which yields low permeability when subjected to 
consolidation in a CDF. 

• Placing dredged material with suitable chemical and physical properties 
as the final layer in a CDF, fanning a de.facto cover. 

• Placement of sand layers to enhance dewatering and consolidation. 

• Control of ponded water to reduce hydrostatic head or maintain a 
negative hydraulic gradient, causing seepage flow into the CDF as 
opposed to flow from the CDF. 

10.2 Treatment of Effluent, Runoff, and Leachate 
Discharges 

For CDF liquid streams, the solids remaining will be clay or colloidal size 
material that may require flocculants to promote further settling in clarifiers or 
sedimentation ponds. Chemical clarification using organic polyelectrolytes is a 
proven technology for CDF effluents (Schroeder 1983; Schroeder and Shields 
1983, HQUSACE 1987). Filtration, permeable dikes, sand-filled weirs, and 
wetlands have also been used on occasion for CDF demonstrations or pilot 
evaluations. 

10.3 Engineered Control Measures 

Site controls (e.g., surface covers and liners) can be effective management 
actions applied at a CDF to prevent migration of contaminants from the dredged 
material (Cullinane et al. 1986; Averett, Perry, and Torrey 1990). There are few 
CDFs where operational or physical management actions have been implemented. 
Most of these sites are associated with sediment remediation projects, which 

involve more highly contaminated sediments than normally associated with 
navigation projects (Palermo and Averett 2000). The implementability and 
effectiveness of these management actions is highly specific to the CDF location 
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and the dredged material characteristics. Use of management actions such as 
liners, slurry walls, groundwater pumping, and subsurface drainage can be 
considered for CDFs. Graded stone dikes with low-permeability cores or steel 
sheet-pile cutoffs have been used or proposed at CDFs to control leachate 
migration. The low permeability of fine-grained sediments following compaction 
can reduce the need for liners in many cases, but it can also limit the effectiveness 
and implementability of groundwater pumping and subsurface drainage. 

10.3.1 Barrier systems 

Barriers are layers oflow-permeability materials designed to prevent vertical 
or lateral migration of water and minimize groundwater contamination. Soil 
barriers can use natural geologic formations of low-permeability material if 
available at a site or constructed layers. Barrier systems might utilize soils, 
synthetic membranes, grout mattresses, and slurry walls. 

10.3.2 Surface covers 

A surface cover is a barrier layer placed on top of a filled CDF. The term 
surface cover is used here to describe both a cap and cover layer for CDFs to 
distinguish this option from a subaqeous cap as used for contaminant control in 
the aquatic environment. A cover can be highly effective in reducing leachate 
generation by avoiding precipitation infiltration, isolation from bioturbation and 
uptake by plants and animals, limiting direct human contact, minimizing 
volatilization of contaminants from the surface, and eliminating detachment and 
transport of contaminants by precipitation and runoff. A layer of clean material 
can achieve the last three benefits mentioned. However, prevention of infiltration 
requires a barrier of very low permeability, such as a flexible membrane or a 
compacted clay layer, both of which are not easily or reliably implemented for 
CDFs. 

10.3.3 Liners 

Liners are commonly considered as a leachate or seepage control measure and 
can be placed on the sides and bottom of a CDF. However, liners have not been 
used extensively for contaminated dredged material sites because of the inherent 
low permeability of fine-grained dredged material, the retention of contaminants 
on solids, and the difficulty and expense of construction of a reliable liner system 
for wet dredged material. 

Liners may be designed using utilize soils, synthetic membranes, or grout 
mattresses. Fine-grained sediments may have permeabilities comparable to clay 
barriers following compaction. Leachate collection systems and groundwater 
pumping systems may also be considered in conjunction with liners to control 
leachate. 
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10.4 Treatment of Dredged Material Solids 

Various treatment processes have been investigated for dredged material 
treatment, including biological, chemical, extraction, immobilization, and thermal 
processes. Dredged material may be treated at a temporary rehandling facility, 
with the treated material subsequently transported to an ultimate disposal facility. 
Treatment can also be considered for a smaller portion of the total volume of 
material to create stabilized material for use in constructing liners, covers, etc. 

A variety of process options are potentially available for each type of 
technology; however, prior to recent demonstration programs and Superfund 
cleanups, only a limited number of treatment technologies had actually been 
applied on a pilot scale or full scale. The base of experience for treatment of 
contaminated sediment is still very limited. 

10.5 Guidance for CDF Management Actions 

Guidance for design, construction, and operation of CDP contaminant 
controls is available in Engineer Manual 1110-2-5027 (HQUSACE 1987), 
USA CE Environmental Effects of Dredging Programs (EEDP) technical notes 
(http://www.wes.army.mil/el/dots/eedptn.html), and USACE Dredging Operations 
and Environmental Research (DOER) technical notes (http://www.wes.army.mil/ 
el/dots/doerltechnote.html). EPA guidance on control measures is also available 
(USEPA 1994). All available information on CDP controls is also being 
incorporated in a combined Engineer Manual 1110-2-5028, Dredging and 
Dredged Material Management (HQUSACE in preparation), which is to be 
published on the internet and periodically updated. These references contain 
testing procedures and criteria needed for evaluating and selecting appropriate 
contaminant control measures for CDPs and should be consulted for additional 
detailed discussions of the attributes of the various technologies. 
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Appendix A 
Glossary 

Attenuation - A reduction in concentration of a contaminant with increasing 
distance from the source. Attenuation is specifically used in this document to 
describe reductions in leachate concentrations as a result of mixing with 
groundwater, adsorption of contaminants in foundation soils, degradation, 
volatilization, and precipitation. 

Aquatic habitat - Bodies of water that serve as habitat for plants and animals. 

Background sediment or soil - Sediment used as a point of comparison for 
plant and animal bioaccumulation evaluations. 

Beneficial uses - Placement or use of dredged material for some productive 
purpose. Beneficial uses may involve either the dredged material or the 
placement site as the integral component of the beneficial use. 

Bioaccumulation - The accumulation of contaminants in the tissues of plants or 
animals through any route, including respiration, ingestion, or direct contact with 
contaminated water, sediment, or dredged material. 

Complete exposure route - A set of chemical, biological, and/or physical 
processes by which a receptor of concern (ROC) can come into direct 
physiological contact with a contaminant of concern (COC). 

Confined disposal - Placement of dredged material within a confined disposal 
facility (CDF). Confined disposal as used in the UTM does not refer to subaque
ous capping or contained aquatic disposal. 

Confined disposal facility (CDF) - An engineered structure consisting of dikes 
or other structures that extend above any adjacent water surface and enclose a 
disposal area for containment of dredged material, isolating the dredged material 
from adjacent waters or land. Other terms used for CDFs that appear in the 
literature include "confined disposal area," "confined disposal site," and 
"dredged material containment area." In the context of the UTM, CDFs may be 
constructed in upland, nearshore, or island location types, and a CDF in any type 
oflocation may contain terrestrial, wetland, or aquatic habitat. 
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Conservative - Tending to over-estimate the potential for effects, or err on the 
side of environmental protection. 

Contaminant - A chemical or biological substance in a form that can be 
incorporated into, onto, or be ingested by organisms, consumers of organisms, or 
users of the environment. 

Contaminants of concern (COC) - Contaminants present in dredged material 
that have the potential to affect receptors of concern (ROC) under the project
specific conditions. 

Control sediment or soil - Material used in plant or animal bioaccumulation 
evaluations to ensure that extraneous factors do not affect the results. 

Criteria - Laboratory derived values from which standards are developed. 

Diffusion - The transport of contaminants by random molecular motion and 
turbulence. 

Dispersion - The transport and dilution of contaminants and/or suspended 
particles in air or water by the combined effects of shear and diffusion. 
Dispersion is specifically used in this document to describe dilution of volatile 
em1ss10ns m air. 

Discharge - See Dredged material discharge 

Disposal - See Confined disposal. 

Disposal site or area - A precise geographical area within which disposal of 
dredged material occurs. 

Dredged material - Material excavated from waters of the United States or 
ocean waters. The term dredged material refers to material which has been 
dredged from a water body, while the term sediment refers to material in a water 
body prior to the dredging process. 

Dredged material discharge - In the context of this document, any addition of 
dredged material into waters of the United States or ocean waters. The term 
includes discharges from confined disposal facilities that enter waters of the 
United States. 

Effect - In the context of this document, a measurable response of an organism 
to a contaminant. 

Effluent - Water that is discharged from a confined disposal facility during and 
as a result of the filling or placement of dredged material. 
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Elutriate - A sample generated by washing contaminants from a sediment 
sample using water, usually by mixing water with the sediment, allowing the 
sediment to settle, and extracting the sample from the overlying water. [n this 
document, the effluent elutriate test is designed to simulate the release of 
contaminants from CDFs in effluent discharged during filling operations. 

Environmental assessment (EA) - A document presenting an environmental 
impact analysis prepared in response to NEPA. 

Environmental impact statement (EIS) - A document prepared in response to 
NEPA presenting a more rigorous environmental impact analysis than that 
required by an EA. 

Exposure - The degree of accessibility of a contaminate to an organism. 

Habitat- The specific area or environment in which a particular type of plant or 
animal lives. An organism's habitat provides all of the basic requirements for the 
maintenance of life. Typical coastal habitats include beaches, marshes, rocky 
shores, bottom sediments, mudflats, and the water itself. The UTM considers 
tenestrial, wetland, and aquatic habitats. 

Leachate - Water or any other liquid that may contain dissolved materials such 
as organic or mineral salts leached from a solid material, and leaves a CDF by 
seepage through the dikes or foundation. For example, precipitation that perco
lates through a CDF, picks up dissolved contaminants and leaves the site is 
considered leachate. 

Major Federal action - Includes actions with effects that may be major and that 
are potentially subject to Federal control and responsibility. Major refers to the 
context (meaning that the action must be analyzed in several contexts, such as 
the effects on the environment, society, regions, interests, and locality) and 
intensity (meaning the severity of the impact). It can include (a) new and 
continuing activities, projects, and programs entirely or partly financed, assisted, 
conducted, regulated, or approved by Federal agencies; (b) new or revised 
agency rules, regulations, plans, policies, or procedures; and (c) legislative 
proposals. Action does not include funding assistance solely in the form of 
general revenue-sharing funds where there is no Federal agency control over the 
subsequent use of such funds. Action does not include judicial or administrative 
civil or criminal enforcement action. 

Management action - Activities that may be considered necessary to control or 
reduce the potential physical, chemical, or biological effects of dredged material 
disposal outside a CDF. These management actions may include: operational 
controls, such as limiting the inflow rate or increasing the depth or retention time 
of water ponded in the CDF; physical control measures for containment of 
contaminants, such as surface cover layers, liners or low-permeability dike cores; 
treatment for discharges such as effluent, runoff, or collected leachate; and 
biological measures such as management of plants and animals. 

Appendix A Glossary 

ED_013073_00000029-00166 

A3 



A4 

Mixing - The dilution or mingling of a discharge of water within receiving 
waters. Mixing is used specifically in this document to describe dilution of 
effluent or rnnoff discharges in surface waters. 

Mixing zone - A limited volume of water serving as a zone of initial dilution in 
the immediate vicinity of the discharge point where receiving water quality may 
not meet quality standards or other requirements otherwise applicable to the 
receiving water. The mixing zone should be considered as a place where wastes 
and water mix and not as a place where wastes are treated. 

Nearshore -Adjacent to a shoreline. 

NEPA-National Environmental Policy Act (40 CFR 1500-1508) 

Pathway-A route by which contaminants may leave a CDF. 

Polluted dredged material - Dredged materials that have been demonstrated to 
impair the designated use of a water body. 

Receptors of concern - Humans, organisms, or other resources that have the 
potential to be affected by contaminants of concern (COC) under the project
specific conditions. 

Reference Sediment or Soil - A soil or sediment that reflects environmental 
conditions that would have existed in the vicinity of a CDF if dredged material 
had never been placed there, but all the other influences on environmental 
quality at the site had occurred. 

Risk assessment - A procedure for evaluating and managing risk. 

Runoff - The liquid fraction of dredged material or the surface flow caused by 
precipitation on upland or nearshore dredged material disposal sites. 

Screen - A procedure that has been demonstrated to have ( 1) some operational 
advantage such as ease of conduct, low cost, short completion time, etc. and (2) a 
low incidence of false indications of no environmental effect (low false 
negatives), although it may have a higher incidence of false indications of 
potential environmental effect (false positives). As a result of the second 
characteristic, screening procedures can identify projects with little potential for 
effects and projects for which more information is needed to make a decision, 
but cannot identify projects that have a potential for effects. 

Sediment - Material, such as sand, silt, or clay, suspended in or settled on the 
bottom of a water body. Sediment input to a body of water comes from natural 
sources, such as erosion of soils and weathering of rock, or as the result of 
anthropogenic activities, such as forest or agricultural practices, or constrnction 
activities. The term dredged material refers to material, which has been dredged 
from a water body, while the term sediment refers to material in a water body 
prior to the dredging process. 
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Standard - A legally enforceable measure of an unacceptable effect. 

Suspended solids - Organic or inorganic particles that are suspended in water. 
The tenn includes sand, silt, and clay particles as well as other solids, such as 
biological material, suspended in the water column. 

Terrestrial habitat - Habitat where the soil is typically unsaturated and aerobic. 

Theoretical bioaccumulation potential (TBP) - A screening tool to estimate 
the uptake of nonpolar organics by animals. 

Toxicity - Level of mortality or other end point demonstrated by a group of 
organisms that have been affected by the properties of a substance, such as 
contaminated water, sediment, or dredged mate1ial. 

Turbidity - An optical measure of the amount of material suspended in the 
water. Increasing the turbidity of the water decreases the amount of light that 
penetrates the water column. 

Upland habitat - The geochemical environment in which dredged material 
becomes unsaturated, dried, and oxidized, and supports ten-estrial plants and 
animals. 

Volatiles - Chemical substances which move from solid or liquid substrates into 
the atmosphere. 

Vadose Zone - A subsurface zone that is unsaturated and aerobic, containing 
capillary water and air or gases at atmospheric pressure. 

Wetlands - Areas that are inundated or saturated by surface or ground water at a 
frequency and duration sufficient to support, and that, under normal 
circumstances, do support a prevalence of vegetation typically adapted for life in 
saturated-soil conditions. Wetlands generally include swamps, marshes, bogs, 
and similar areas. 

Appendix A Glossary 

ED_013073_00000029-00168 

AS 



Appendix B 
Column Settling Test and 
Effluent Elutriate Procedures 

B.1 Introduction 

This appendix provides detailed step-by-step procedures for conducting tests 
for evaluation of confined disposal facility (CDF) effluent. The background, 
rationale, and tiered framework for application of these procedures are discussed in 
Chapter 4 of the main text of the Upland Testing Manual (UTM). Three test 
procedures are included in this appendix: 

a. Effluent elutliate tests for water quality evaluations. 

b. Effluent elutriate tests for water column toxicity evaluations. 

c. Long-tube column settling tests used to evaluate effluent total suspended 
solids (TSS) concentrations and total concentrations of contaminants of 
concern (COC) in effluent. 

B.2 Effluent Elutriate Tests for Water Quality 
Evaluation 

The effluent elutriate test1 is designed to simulate the quality of water 
discharged as effluent from a CDF and accounts for geochemical changes 
occurring in the CDF during active disposal operations. Test procedures allow for 
estimates of dissolved contaminant concentrations in milligrams per liter and 
fractions of contaminants in the TSS in milligrams per kilogram suspended solids 

1 The effuent elutriate is also called the "modified elutriate" in the literature to distinguish 
the procedure from the "standard elutriate" tesl, which is applicable to open water 
discharges. To avoid confusion, the term "effluent elutriate" is used in this manual and 
the Inland Testing Manual (ITM), and the tenn "open water elutriate" has been adopted 
for open water evaluations described in lhe ITM. 
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(SS) under quiescent settling conditions. The test consists of mixing a sediment 
sample with dredging site water to form a slurry, allowing the slurry to settle under 
conditions equivalent to those in a CDF, then extracting an effluent elutiiate 
sample for chemical analysis. Field ve1ification studies have shown that the 
effluent elutiiate test is a conservative predictor of CDF effluent quality (Palermo 
1985a-d; Palermo and Thackston 1988a and b). 

The effluent elutriate tests should be conducted, and appropriate chemical 
analyses should be performed as soon as possible after sample collection. If 
effluent elutriate tests for both water quality and toxicity evaluations are to be 
conducted, sufficient effluent elut1iate should be prepared for both purposes. The 
volume of effluent elutriate needed for water quality evaluations will vary depend
ing upon the number and types of chemical analyses to be conducted. Both 
dissolved and total concentrations of contaminants may be determined. The 
volume required for each analysis, the number of variables measured, and the 
desired analytical replication will influence the total elutriate sample volume 
required. A 4-L cylinder is normally used to prepare the elutiiate, and the super
natant volume available for sample extraction will vary from approximately 500 to 
l,000 mL, depending on the sediment prope1ties, settling times, and initial 
concentration of the slurry. It may be necessary to composite several extracted 
sample volumes or to use large diameter cylinders to obtain the total required 
volume. 

B.2.1 Apparatus 

The following items are required: 

a. Laboratory mixer, preferably with Teflon shaft and blades. 

h. Several 4-L graduated cylinders. Larger cylinders may be used iflarge 
sample volumes are required for analytical purposes. Nalgene cylinders 
are acceptable for testing involving analysis of inorganic compounds such 
as metals and nutrients. Glass cylinders are required for testing involving 
analysis of organic compounds. 

c. Assorted glassware for sample extraction and handling. 

d. Compressed air source with deionized water trap and tubing for bubble 
aeration of sluny. 

e. Vacuum or pressure filtration equipment, including vacuum pump or 
compressed air source and an appropriate filter holder capable of 
accommodating 47-, 105-, or l 55-mm-diam filters. 

f Presoaked filters with a 0.45-um pore-size diameter. 

g. Plastic sample bottles, 500-mL capacity for storage of water and liquid 
phase samples for metal and nutrient analyses. 

Appendix B Column Settling Test and Effluent Elutriate Procedures 

ED_013073_00000029-00170 



h. Wide-mouth, I-gal capacity glass jars with Teflon-lined screw-type lids for 
sample mixing. These jars should also be used for sample containers when 
samples are to be analyzed for organic COC. 

Prior to use, all glassware, filtration equipment, and filters should be 
thoroughly cleaned. Wash all glassware with detergent, iinse five times with tap 
water, place in a clean 10-percent (or stronger) HCl acid bath for a minimum of 
4 hr, iinse five times with tap water, and then rinse five times with distilled or 
deionized water. Soak filters for a minimum of 2 hr in 5 mular HCR bath, and then 
rinse l 0 times with distilled water. It is also a good practice to discard the first 
50 mL of filtrate. 

B.2.2 Effluent elutriate test procedure 

The step-by-step procedure for conducting the effluent elutriate test (Fig
ure B-1) is outlined below. 

Step 1 - Slurry preparation. The sediment and water from the proposed 
dredging site should be mixed to a concentration approximately equal to the 
expected average field inflow concentration. If estimates of the average field 
inflow concentration cannot be made based on past data, a slurry concentration of 
150 g/L (dry weight basis) should be used. Predetermine the concentration of the 
well-mixed sediment in grams per liter (dry weight basis) by oven drying a small 
subsample of known volume. Each 4-L cylinder to be filled will require a mixed 
slurry volume of 3-3/4 L. The volumes of sediment and water to be mixed for a 
3-3/4-L slurry volume may be calculated using the following expressions: 

____ J lS Cs/11rry V sediment - · (B-1) 
["I sediment 

and 

V water = 3. 7 5 - V sediment (B-2) 

where 

Vsediment =volume of sediment, in L 

3. 75 =volume of slurry for 4-L cylinder, L 

C1urry = desired concentration of slurry, g/L (dry weight basis) 

Cedimenr =predetermined concentration of sediment, g/L (dry weight basis) 

V.vater =volume of disposal site water, in L 

Step 2 - Mixing. Mix the 3-3/4 L of sluny by placing appropriate volumes 
of sediment and water from the proposed dredging site in a 1-gal glass jar and 
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mixing for 5 min with the laboratory mixer. The sluny should be mixed to a 
uniform consistency, with no unmixed agglomerations of sediment. 
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Figure B-1. Schematic of Effluent Elutriate Test 
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Table B-1 
Recommended Resuspension Factors for Various Ponded Areas 
and De ths 

Resuspension Factor for Anticipated 
Average Ponded Depth 

Less than 2 ft 2 ft or Greater 

2.0 1.5 
2.5 2.0 

Appendix B Column Settling Test and Effluent Elutriate Procedures 

ED_013073_00000029-00172 



Step 3 - Aeration. The prepared sluny must be aerated to ensure that 
oxidizing conditions will be present in the supernatant water during the subsequent 
settling phase. Bubble aeration is therefore used as a method of sample agitation. 
Pour the mixed slurry into a 4-L graduated cylinder. Attach glass tubing to the 
aeration source and insert the tubing to the bottom of the cylinder. The tubing can 
be held in place by insertion through a predrilled No. 4 stopper placed in the top of 
the cylinder. Compressed air should be passed through a deionized water trap, 
through the tubing, and bubbled through the sluny. The flow rate should be 
adjusted to agitate the mixture vigorously for 1 hr. 

Step 4 - Settling. Remove the tubing, and allow the aerated sluny to undergo 
quiescent settling for a time equal to the anticipated field mean retention time, up 
to a maximum of24 hr. If the field mean retention time is not known, allow 
settling for 24 hr. 

Field mean retention time Td can be estimated for a given flow rate and 
ponding conditions by applying a hydraulic efficiency correction factor (HECF) to 
the theoretical detention time as follows: 

(B-3) 

where 

Td = mean detention time, hr 

T =theoretical detention time, hr 

HECF =hydraulic efficiency correction factor (HECF > 1.0) defined as the 
inverse of the hydraulic efficiency 

The theoretical detention time is calculated as follows: 

T= Vp (12.1)= ApDp (12.1) 
Qi Qi 

(B-4) 

where 

1"p =volume ponded, acre-ft 

Q; = average inflow rate, cfs 

AP = area ponded, acres 

DP = average depth of ponding, ft 

12. l =conversion factor, acre-ft/cfs to hr 

The hydraulic efficiency correction factor HECF can be estimated by several 
methods. The most accurate estimate is that made from dye tracer studies to 
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dete1mine Td at the actual site under operational conditions at a previous time, with 
the conditions similar to those for the operation under consideration. This 
approach can be used only for existing sites. 

Alternatively, the ratio T/T= l/HECF can be estimated from the equation: 

(B-5) 

where LIW is the length-to-width ratio of the proposed basin. 

The LIW ratio can be increased greatly by the use of internal spur dikes, 
resulting in a higher hydraulic efficiency and a lower required total area. In the 
absence of dye tracer data or values obtained from other theoretical approaches, a 
value for HECF of 2.25 may be used based on field studies conducted at several 
sites (Montgomery, Thackston, and Parker 1983). 

Step 5 - Sample extraction. After the approp1iate period of quiescent settling, 
an interface will usually be evident between the supernatant water, with a low 
concentration of suspended solids above, and the more concentrated settled 
mate1ial below the interface. Samples of the supernatant water should be extracted 
from the cylinder at a point midway between the water surface and interface using 
syiinge and tubing. Care should be taken not to resuspend the settled mate1ial. 

Step 6 - Sample preservation and analyses. The sample should be analyzed 
as soon as possible after extraction. If applicable water quality standards are in 
tenns of dissolved concentrations, the elutriate samples should be analysed for 
dissolved concentrations of COC. If applicable water quality standards are in 
tenns of total or whole water concentrations, the elutiiate samples should be split 
and analysed for both dissolved and total concentrations of COC, and for total 
suspended solids in milligrams per liter. This will allow the calculation of the 
fraction of analytes in the total suspended solids in milligrams per kilogram SS. 
Filtration using 0.45-um filters should be used to obtain subsamples for analysis of 
dissolved concentrations. Samples to be analyzed for dissolved pesticides or 
polychlorinated biphenyls (PCBs) must be free of particles but should not be 
filtered because of the tendency for these materials to adsorb on the filter. 
However, particulate matter can be removed before analysis by high-speed 
centrifugation at 10,000 times gravity using Teflon, glass, or aluminum centrifuge 
tubes (Fulk, Gruber, and Wullschleger 1975). The total suspended solids 
concentration can also be dete1mined by filtration (0.45 um). 

B.2.3 Chemical analyses 

Chemical analyses of the effluent elutriate samples should be performed 
according to the guidance in Chapter 9 of the ITM (USEPA/USACE 1998). 
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B.2.4 Effluent contaminant concentrations 

Dissolved concentrations. If applicable water quality standards are defined in 
terms of dissolved concentrations, the dissolved concentrations of COC in the 
effluent elutriate (determined directly from the test) and may be compared with the 
standards after consideration of mixing. 

Calculation of total concentrations. If applicable water quality standards are 
defined in terms of total or whole water concentrations, calculations of the 
fractions of contaminants in the total suspended solids and the total concentrations 
in the effluent are required. The fraction of COCs in the total suspended solids 
may be calculated in terms of milligrams per kilogram SS as follows: 

F =(lx]06) C101a1-Cdiss 
SS SS (B-6) 

where 

Fss = fraction of analyte in the total suspended solids, mg analyte/kg of 
suspended solids 

C101a1 = total concentration, mg analyte/L of sample 

Cdiss = dissolved concentration mg, analyte/L of sample 

SS = total suspended solids concentration, mg solids/L of samples 

The calculation of total concentration of COCs in the effluent is based on 
results of both the elutriate test and an estimate of effluent TSS under the 
anticipated operating conditions for the CDF. The total COC concentration in 
milligrams per liter in the effluent may be estimated as: 

where 

(B-7) 

C101a1 = estimated total concentration in effluent, mg analyte/L of water 

cdiss =dissolved concentration determined by effluent elutriate tests, mg 
analyte/L of sample 

Fss = fraction of analyte in the total suspended solids calculated from 
effluent elutriate results, mg analyte/kg of suspended solids 

SSeff = suspended solids concentration of effluent estimated from 
evaluation of sedimentation performance, mg suspended solids/L of 
water (this may be determined by a long column settling test as 
described in Section B.3). 

(l x 106
) = conversion factor, mg/mg to mgikg 
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B.3 Effluent Elutriate for Water Column Toxicity 
For effluent toxicity evaluations, an effluent elutriate for the suspended phase 

is prepared and used as a test medium for water column toxicity tests. This 
procedure is essentially the same as that for water quality evaluations, except that 
the elutriate sample is handled differently following extraction. The volume of 
effluent elutriate required for toxicity testing will be influenced by the number of 
species to be tested, their size, and requirements for water change during the test. 
A 4-L cylinder is normally used to prepare the effluent elutriate, and the resulting 
supernatant volume will vary from approximately 500 to 1,000 mL, depending on 
the sediment prope1ties, settling times, and initial concentration of the sluny. It 
may be necessary to composite several extracted sample volumes or to use large 
diameter cylinders to obtain the total required volume. 

B.3.1 Effluent elutriate apparatus 

The apparatus necessary for preparation of effluent elutriate is described in 
Section B.2.1. However, for biological testing the effluent elutriate is not filtered, 
so only items a through d are required to prepare effluent elutriate for toxicity 
testing. 

Prior to use, all glassware should be thoroughly cleaned. Wash all glassware 
with detergent, rinse five times with tap water, place in a clean bath for a minimum 
of 4 hr, rinse five times with tap water, and then rinse five times with distilled or 
deionized water. 

B.3.2 Effluent elutriate procedure 

The step-by-step procedure for preparing the effluent elutriate for use in 
toxicity tests is outlined below. 

Step 1 - Slurry preparation. Same as Section B.2.2. 

Step 2 - Mixing. Same as Section B.2.2. 

Step 3 - Aeration. Same as Section B.2.2. 

Step 4 - Settling. Same as Section B.2.2. 

Step 5 - Sample extraction. After the approp1iate period of quiescent settling, 
an interface will usually be evident between the supernatant water, with a low 
concentration of suspended solids above, and the more concentrated settled 
mate1ial below the interface. The liquid plus the material remaining in suspension 
after the settling pe1iod represents the 100 percent effluent for toxicity testing. 
Carefully siphon the supernatant, without disturbing the settled material, and 
immediately use it for toxicity testing. The suspension should be clear enough at 
the first observation time for the organisms to be visible. With some very fine
grained dredged materials, it may be necessary to centrifuge the supernatant for a 
short time to achieve this. 

Effluent toxicity tests should be performed according to the guidance in 
Chapter 11 of the ITM (USEP A/USA CE 1998), using the effluent elutriate 
prepared as desc1ibed in this section as the test medium. Results should be 
evaluated in light of mixing considerations, as discussed in Chapter 4 of the UTM. 
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B.3.3 Effluent Elutriate Toxicity Evaluation 

The end result of this evaluation is the 96-hr LC50 or 96-hr EC50 expressed as 
a percentage of the suspended dredged material concentration (or l 00 percent 
elutriate ). This result is then compared with the concentration of the suspended 
dredged material at the boundary of the allowable mixing zone. 

B.4 Column Settling Tests for Effluent TSS/ 
Turbidity 

If turbidity or SS are identified as COCs, or if water quality standards (WQS) 
are specifically defined in terms of whole water (total) concentrations of COCs, 
settling tests are necessary to provide data for design or evaluation of disposal 
areas for retention of suspended solids and to compare to WQS (Figure B-2). 
These tests are designed to define the settling behavior of a particular sediment and 
to provide information concerning the volumes occupied by newly placed layers of 
dredged material. If WQS exist for turbidity, a sediment-specific correlation of 
suspended solids and turbidity must be developed (Thackston and Palermo 2000). 

Sedimentation of freshwater slurries (mixtures of sediment and water) of 
concentration less than l 00 g/L can generally be characterized as flocculent 
settling. As sluny concentrations are increased, the sedimentation process may be 
characte1ized as a zone settling process, in which a clearly defined interface is 
fanned between the clarified supernatant water and the more concentrated settled 
material. Zone settling also occurs when the sediment/water salinity is 
approximately 3 parts per thousand (ppt) or greater. Flocculent settling also 
describes the behavior of residual suspended solids in the clarified supernatant 
water above the sediment/water interface for slurries exhibiting an interface. The 
procedures described below define the sedimentation of suspended solids under 
flocculent settling conditions or above the settled material/water interface under 
zone setting conditions. The settling test procedures consist of withdrawing 
samples from the settling column at various depths and times and measuring the 
concentrations of suspended solids. Additional data should be collected from the 
column settling test for purposes of CDF design for initial storage and minimum 
surface area for a given inflow rate. These procedures are provided in Engineer 
Manual 1110-2-5027 (USACE 1987). 

B.4.1 Column settling test apparatus 

An 8-in.-diam settling column such as shown in Figure B-3 is used. The test 
column depth should approximate the effective settling depth of the proposed 
disposal area. A practical limit on the depth of the test is 6 ft. The column should 
be at least 8 in. in diameter with interchangeable sections and with sample ports at 
1/2-ft or closer intervals. 
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B.4.2 Column settling test procedure 

The following test procedure should be used: 

Step 1. Mix the sediment slurry to a suspended solids concentration C equal to 
the expected concentration of the dredged material influent C;. The sluny should 
be mixed in a container with sufficient volume to fill the test column. Field studies 
indicate that for maintenance dredging of fine-grained material, the disposal 
concentration will average about 150 g/L. This concentration should be used in the 
test ifbetter data are not available. 

Step 2. Pump or pour the sluny into the test column using compressed air or 
mechanical agitation to maintain a uniform concentration dming the filling pe1iod. 

Step 3. When the sluny is completely mixed in the column, stop the 
compressed air or mechanical agitation and immediately draw off samples at each 
sample port and determine their suspended solids concentration. Use the average 
of these values as the initial slurry concentration at the start of the test. The test is 
initiated with the drawing of the first samples. 

Step 4a. If an interface has not formed during the first day, flocculent settling 
is occurring in the entire sluny mass. Allow the slurry to settle and withdraw 
samples from each sampling port at regular time intervals to dete1mine the 
suspended solids concentrations. Record the water surface height and time at the 
start of the sampling period. Analyze each sample for total suspended solids. 
Substantial reductions of suspended solids will occur during the early pait of the 
test, but reductions will decrease with longer retention times. Therefore, the 
intervals can be extended as the test progresses. Recommended sampling intervals 
are l, 2, 4, 6, 12, 24, 48 hr, etc., until the end of the test. As a rule, a 50-m/L 
sample should be taken from each port. Continue the test until either an interface 
can be seen near the bottom of the column and the suspended solids concentration 
in the fluid above the interface is less than l g/L, or until the suspended solids 
concentrations in extracted samples shows no decrease. 

Step 4b. If an interface fonns the first day, zone settling is occuning in the 
sluny below the interface, and flocculent settling is occuning in the supernatant 
water. In this case, samples should be extracted from all side p01ts above the 
falling interface. The first of these samples should be extracted immediately after 
(a) the inte1face has fallen sufficiently below the uppermost port to allow 
extraction, or (b) a sufficient sample can be withdrawn from the surface without 
disturbing the interface. This sample can usually be extracted within a few hours 
after the beginning of the test. Record the time of extraction, water surface height, 
and port height for each port sample taken and analyze each sample for suspended 
solids. As the interface continues to fall, extract samples from all p01ts above the 
interface at regular time intervals. As before, a suggested sequence of sampling 
intervals would be 1, 2, 4, 6, 12, 24, 48, 96 hr, etc. The sainples should continue to 
be taken until either the suspended solids concentration of the extracted samples 
shows no decrease or for a maximum time of 15 days. For this case, the suspended 
solids in the samples should be less than l g/L, and filtration will be required to 
dete1mine the concentrations. The data should be expressed in milligrams per liter 
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for these samples. In reducing the data for this case, the concentration of the first 
port sample taken above the falling interface is considered the initial concentration. 
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Appendix C 
Test Procedures for Surface 
Runoff Discharges 

C.1 Introduction 

This appendix provides detailed, step-by-step procedures for conducting tests 
for evaluation of confined disposal facility (CDF) runoff. The background, 
rationale, and tiered framework for application of these procedures are discussed in 
Chapter 5 of the main text of the Upland Testing Manual (UTM). Four test 
procedures are included in this appendix: 

a. Simplified laboratory runoff procedure (SLRP) for water quality 
evaluations. 

h. Rainfall simulator/lysimeter system (RSLS) test for water quality 
evaluations. 

c. Water column toxicity tests using the SLRP elutriate. 

d. Water column toxicity tests using the RSLS elutriate. 

C.2 Simplified Laboratory Runoff Procedure for 
Runoff Quality Evaluation 

The SLRP was designed to simulate the water quality of precipitation runoff 
from dredged mate1ial. The procedure evaluates the surface water generated on 
the CDP as a result of two cases: l) Precipitation under wet, anaerobic 
conditions where consolidation is at a minimum as interstitial water is removed. 
At this stage, suspended solids in precipitation generated surface water within 
the CDP are possible within the range of 500 to 50,000 mg i-1

; 2) The opposite 
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worst-case scenario is that of complete dryness with no vegetative cover. 
Suspended solids in this stage may range from 50 to 5,000 mg i-1

.
1 

The SLRP was developed to provide a faster, less expensive initial 
evaluation of surface runoff quality from dredged material placed in an upland 
environment (Skogerboe 1995; Price, Skogerboe, and Lee, 1998; and Price and 
Skogerboe 1999). The test determines runoff quality from wet, anoxic and dry, 
oxidized conditions. The core of the SLRP procedure is the use of hydrogen 
peroxide to rapidly oxidize air-dried sediment to simulate the long-term effects 
of chemical and microbial oxidation on the solubility of specific metals. 

C.2.1 Materials and apparatus 

The following equipment and materials are required to conduct the SLRP. 

Apparatus. 

a. 4-L glass bottles with teflon tops. 

b. Assorted graduated cylinders up to l L. 

c. Horizontal mechanical shaker. 

d. Millipore microanalysis vacuum filter apparatus. 

e. 0.45-um membrane filters. 

f 0. 7-um glass fiber filters without binders. 

g. 2. 7-um glass fiber filters without binders. 

Prior to use, all glassware should be thoroughly cleaned. Wash all glassware 
with detergent, rinse five times with tap water, place in a clean bath for a minimum 
of 4 hr, iinse five times with tap water, and then rinse five times with distilled or 
deionized water. 

Reagents. 

a. 30 percent hydrogen peroxide. 

b. Concentrated nitric acid. 

c. Other preservation reagents as required. 

1 It is important to note that use of these total suspended solids (TSS) values in the runoff 
test are intended to "bracket" the results for evaluation of dissolved contaminants of 
concern (COC) in nmoff. Actual TSS concentration in runoff for a properly managed 
CDF would be lower. 
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d. Distilled or deionized water. 

C.2.2 Procedure 

Step 1. Sediment Preparation. Sediment core or grab samples are 
nonnally collected from the proposed dredging site for evaluation of various 
contaminant pathways. These may be composited into one bulk sediment or 
composited according to horizontal and/or vertical position. The SLRP 
procedure must be conducted on each composite considered for separate upland 
placement. No more than a 22-L and a minimum 13.2-L volume of each 
composite to be tested is required. The sediment should be stored in a sealed 
polyurethane bucket at 4 °C until ready to conduct the SLRP procedure. Prior 
to removing sediment from the bucket, it should be thoroughly mixed using a 
stainless steel electric mixer. Sufficient samples to conduct the SLRP evaluation 
can then be removed from the container. Prior to conducting the following 
analyses, the sediment should be sieved through a 2-mm sieve to remove inert 
gravel fractions or other oversize mate1ials. 

Step la. Sediment Moisture. Three replicate samples (1 to 2 g) of wet 
sediment are placed in preweighed aluminum pans and oven-dried at 110 ° C for 
24 hr. The pans are then removed and reweighed to determine percent water on 
a dry weight basis using the formula: 

DMmVB = (WW-DW IDW) x 100 (C-1) 

where: 

DMnwB = percent moisture on a dry weight basis 

WW = wet weight of sediment 

D W = oven dry weight of sediment 

l 00 = conversion to percent 

To detennine the amount of wet sediment needed to provide a dry weight 
equivalent of any given amount, use the formula: 

D Weqv = (D Wreq x Mnw'B) + D Wreq (C-2) 

where 

DWeqv =amount of wet sediment equal to the dry weight 

MnwB = percent moisture on a dry weight basis 

D Wreq = dry weight sediment required 

Step lb. Air Drying. Approximately 400 g dry weight of wet sediment is 
placed in a stainless steel drying pan and air-dried in a greenhouse for 3 weeks to 
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less than 5 percent moisture on a dry weight basis. The material should be 
mixed daily to facilitate the drying process. When drying is complete the 
sediment is ground to again pass a 2-mm screen. This material is referred to as 
the air-dried sediment and will be evaluated in the SLRP for organics and 
nutrients. 

Step le. Chemical Oxidation. Chemical and microbial oxidation of iron 
sulfides in some sediment may result in the fonnation of sulfuric acids and a 
significant reduction of pH. This may have a substantial increase in the 
solubility of metals. The SLRP addresses this by oxidation with hydrogen 
peroxide. The air-dried sediment or wet sediment oven-dried for 48 hr at 95 °C 
may be used for this procedure. After drying is complete, 30 percent hydrogen 
peroxide (H20 2) is added to rapidly oxidize the sediment, simulating long-term 
effects of the oxidation of iron sulfides. A pretest is necessaiy to determine the 
amount ofH20 2 necessary to fully oxidize the sediment. Dried sediment (10 g) 
is placed in a 250-mL beaker and 30 percent H20 2 is slowly added in l 0-ml 
increments, each time observing for an effervescent reaction. When there is no 
longer an oxidation response from additional inputs of H20 2, the process is 
complete. The amount of H20 2 used is multiplied times l 0 and used in the 
oxidation procedure below; however, no more than 500 mL total should be used. 

A large open-top glass container, such as a 4-L beaker is used for the 
oxidation process. Clear glass allows for easy viewing of the reaction process. 
The large volume is required because of the violent bubbling that occurs as the 
H20 2 reacts with the sediment. An amount of 100 g of the air-d1ied or oven
dried sediment is placed in the beaker and 100 mL of H20 2 is slowly added. A 
glass stirring rod is used to ensure adequate mixing. Allow sufficient time for 
the H20 2 to react, and wait until the reaction stops before proceeding to and 
more H20 2. Once the entire volume of H202 is determined in the pretest has 
been added, allow the reaction to cease and the material to cool to room 
temperature before handling. If the pretest indicates H20 2 in excess of 500 mL is 
required, do not exceed. Instead, after addition of a total of 500 mL to the 
sediment, cover the beaker with a watch glass and allow setting overnight. Bring 
the sediment back to dryness by placing in an oven at 95 °C for 48 hr. The 
sediment is now ready to be reground and used to prepare runoff samples. 

Step 2. SLRP Runoff Water Preparation. The SLRP requires the 
preparation of simulated runoff water using wet, unoxidized and dry, and 
oxidized sediment using sediment: water ratios corresponding to the suspended 
solids concentrations shown in Tables Cl and C2. Each ratio for the sediment 
condition should be replicated three times. For purposes of describing runoff 
quality from CDFs, the term total contaminants refers to unfiltered samples and 
dissolved refers to filtered samples. Volume of sample for each of the sediment 
conditions described below is dependent on the required chemical analysis. 
Typically, 4 L will be sufficient volume to evaluate priority metals, P AHs, 
PCBs, and selected nutrients. The volume required by the analytical laboratory 
should first be determined and the necessary volume required can then be 
generated. Both dissolved and total contaminants may be determined however, 
only dissolved is generally necessary for water quality comparisons. If total 
contaminant determinations are required the values can be determined by 

Appendix C Test Procedures for Surface Runoff Discharges 

ED_013073_00000029-00187 



analysis of unfiltered runoff samples or from the computations described in 
Section 5.3.l. 

Step 2a. Wet Sediment Evaluation. The wet sediment evaluation begins 
with the placement ofreplicate wet sediment samples into 4-L glass bottles using 
the oven-dry weight equivalents shown in Table Cl. Three replicates of each 
sediment to water ratio is prepared. Deionized water is added to b1ing total 
sample volume to four liters. The containers are placed horizontally on a 
mechanical shaker and agitated for l hr to ensure complete suspension of 
sediment and sediment to water contact. It is advised to tape the caps to prevent 
leakage. After shaking is complete the sample is filtered using appropriate for 

Table C1 
Target Suspended Solids and Required Sediment for Simulated 
Runoff Samples from Wet Sediment 

500 0.5 
5,000 5 

50,000 50 

Oven-dry weight equivalent of wet sediment. 

Table C2 
Target Suspended Solids and Required Sediment for Simulated 
Runoff Sam les from D Sediment 

the contaminants in question. Organic contaminants are pre-filtered through a 
Whatman® GF ID 2. 7-um glass fiber filter followed by a Whatman® GF IF 
0.7-um glass fiber filter or equivalent. Inorganic contaminants are in addition 
filtered through a MF-Millipore® 0.45-um membrane filter or equivalent. 
Preservation of filtered samples is accomplished according to U.S. Environ
mental Protection Agency (USEP A) standards appropriate for each contaminant. 

Step 2b. Dry Sediment Evaluation for Organics and Nutrients. The 
purpose of the dry portion of the SLRP is to predict the long-term effects of 
drying and oxidation of dredged mate1ial on movement of contaminants from 
upland CDFs. For the determination of all contaminants except priority metals, 
three replicates of air-dried sediment from Step lb are weighed to the nearest 
0.001 g and placed in 4-L bottles as shown in Table C2. An amount of deionized 
water equal to the total volume required minus the sediment weight is added to 
the bottle and capped. Sediment samples are collected from the sample bucket 
and placed in a drying oven at 90 °C for 48 hr. Place the oven-d1ied sediment in 
the 4-L bottles and incrementally add the 30 percent H20 2 until the full volume 
required for oxidation has been added. Reactions to the H20 2 vary by sediment 
and some may be subject to boil-over. For the 500- and 50-mg i-1 samples, 
smaller containers, such as 500- and 50-mL glass beakers, respectively, should 
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be used to ensure effective oxidation of sediment. Samples are then transferred 
to the 4-L bottles after oxidation is complete and deionized water is added to 
bring the total volume of all samples to l L. The samples are shaken for l hr as 
described above, and on-half of the samples are immediately placed in the 
Nalgene containers and preserved with nit1ic acid to pH 2.0. The remaining 
halves are then filtered as described for the wet sediment. 

Step 3 - Chemical Analyses. The samples should be analyzed as soon as 
possible after extraction. Dissolved and, ifrequired, total concentrations of 
desired analytes in the samples should be determined. (If water quality standards 
for chemical contaminants are in tenns of dissolved concentrations, the total 
concentration of contaminants in the runoff samples need not be determined). 

C.3 Rainfall Simulator/Lysimeter System (RSLS) 
Procedure for Evaluation of Surface Runoff 
Quality 

The Waterways Experiment Station (WES)/U.S. Army Engineer Research 
and Develoment Center (ERDC) rainfall simulator lysimeter system (RSLS) 
predicts these effects so that restrictions and/or treatments, such as controlling 
movement of suspended solids or providing adequate mixing zones, can be 
incorporated into the CDF design. The testing protocol for surface runoff 
quality using the RSLS has been applied to dredged material from a number of 
locations. Contaminants have included heavy metals, P AHs, PCBs, pesticides, 
organotins, and dioxins. Although the RSLS is a very effective tool for 
predicting surface runoff quality from upland CDFs, the procedure is time
consuming, requires a large volume of sediment, and can only be conducted at 
the WES/ERDC. However, when the SLRP predicts exceedence of water 
quality standards (WQS) after consideration of mixing, the RSLS test may be 
used to satisfy the requirements for Section 401 water quality certification. 

C.3.1 Materials and apparatus 

The following equipment and materials are required to conduct the RSLS 
procedure. 

Apparatus/Equipment. 

a. Rainfall simulator/lysimeter system (see description below). 

b. Sampling pump with a minimum of 6 L/min pumping rate. 

c. Millipore microanalysis vacuum filter apparatus. 

d. 0.45-um membrane filters. 

e. 0.7-um glass fiber filters without binders, Type GF/F. 
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f 1.2-um glass fiber filters, Type GF IC. 

g. 2.7-um glass fiber filters without binders, Type GF/D. 

h. Stainless steel vacuum manifold. 

i. Clock with second hand. 

j. Ass01ted graduated cylinders (glass, Nalgene, 100 to 2,500 Lin size). 

k. Assorted glassware. 

l. Meters: pH, conductivity. 

m. Analytical balance (O.OOCll accuracy). 

n. Nine 4-L glass bottles w/teflon caps. 

o. Numerous Nalgene and glass containers for sample submission. 

Prior to use, all glassware should be thoroughly cleaned. Wash all glassware 
with detergent, rinse five times with tap water, place in a clean bath for a minimum 
of 4 hr, iinse five times with tap water, and then rinse five times with distilled or 
deionized water. 

Reagents. 

a. Concentrated nitric acid 

h. Other preservation reagents as required 

c. Distilled or deionized water 

Rainfall Simulator/Lysimeter System Description. The RSLS uses a 
rotating disk type rainfall simulator modified from a previous design (Morin, 
Goldberg, and Seginer 1967). The rainfall simulator incorporates several 
features designed to duplicate accurately the drop size distribution and terminal 
drop velocities of natural rainfall--a critical factor in erosion and infiltration 
studies (Westerdahl and Skogerboe 1982). The lysimeter is an aluminum bin, 
4.57 m by l .22 m ( 15 ft by 4 ft), and has removable sides so soil or sediment 
depth can be increased or decreased in increments of 0. 15 m (0.5 ft). The 
lysimeter can also be attached to power lifts that can vary the slope from 0 to 
20 percent. Generally, runoff tests conducted on dredged material are at a slope 
of l percent. The lysimeter is wheeled and can be moved from the simulation 
bay to the outside, covered with a ventilated transparent top and allowed to air
dry and oxidize over a 6-month time period, simulating the long-tenn effects of 
aging. This specific RSLS is only available at the WES/ERDC. Other are 
available and can be used if they meet the minimum specifications described 
below. 
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C.3.2 Sediment characterization 

The following sediment characterization test should be perfonned in 
replicates of three on the dredged material in the lysimeter prior to each rainfall 
simulation run (wet and d1y). 

Sediment Moisture. Three replicate samples (1 to 2 g) of wet sediment are 
placed in preweighed aluminum pans and oven-dried at 95 °C for 48 hr. The 
pans are then removed and reweighed to determine percent water on a dry weight 
basis using the formula ((wet weight - dry weight) /d1y weight) x 100). 

C.3.3 RSLS procedure 

Up to eleven 208-L ( 45-gal) drnms or 2,290 L of sediment are required to 
conduct the RSLS test. The sediment is loaded into the lysimeter one drum at a 
time, mixing as the sediment is dumped. Polyethylene shovels or large spatulas 
are used to mix the material as effectively as possible. Final depth of the 
sediment in the lysimeter is approximately 33.0 cm. The interstitial water is 
allowed to evaporate and a series of rainfall simulations are conducted while the 
sediment is still anaerobic. Three 30-min storm events at 5.08 cm/hr (2 in./hr) are 
applied on successive days (Skogerboe et al. 1987). Runoff rates are measured 
every minute, and 4-L runoff samples are collected at 5, 15, and 25 min after 
runoff begins to occur. Additional samples are collected in 250-ml polyethylene 
bottles for pH, electrical conductivity and suspended solids determinations every 
minute through 15 min and then every 5 min thereafter to 30 min. The 4-L 
samples are combined at the end of the each day's test representing one replicate 
of three successive test runs. After the three test runs are complete the lysimeter 
is moved outside and covered with a ventilated, transparent top, and the sediment 
is allowed to dry and oxidize over a 6-month period. After 6 months of drying, 
the lysimeter is moved back into the rainfall simulation bay and the three 
consecutive storm events are repeated on the now dry and oxidized sediment. 
The sampling protocol is the same as for the wet sediment. 

C.3.4 Characterization of runoff samples and preparation for 
analysis 

The 250-mL samples collected are subjected to the determination of 
suspended solids, pH and electrical conductivity as described below. The 
composite runoff samples are split and half are placed into appropriate 
containers for contaminants of concern for analysis of total contaminants. The 
other half of the samples are prefiltered, if necessary, through a 2. 7-um filter and 
then filtered through a 0.45-um membrane filter for metals or a 0.7-um glass 
fiber filter for organics to represent the soluble fraction of contaminants. 
Preservation of filtered samples should be done according to specific 
requirements for each contaminant according to USEP A ( 1986). 

The samples should be analyzed as soon as possible after extraction. 
Dissolved and, if required, total concentrations of desired analytes should be 
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determined. The total or unfiltered sample analysis is not explicitly required 
unless water quality standards for chemical contaminants are based on the total 
concentration of contaminants. Dissolved to total compaiisons for each COC 
provides a determination of solubility, which may increase or decrease as the 
material dries and oxidizes. Chemical analyses of the runoff samples should be 
performed according to the guidance in Chapter 9 of the Upland Testing Manual 
(UTM) (USEP A/USACE 1998). 

C.3.5 Other analyses of runoff water 

Other analyses required for runoff sample include the following and are 
conducted on the 250-mL samples collected at each simulation run. 

Suspended solids. Suspended solids (SS) in runoff are determined by 
filtering a 100-mL volume of each runoff water sample, after vigorous shaking 
through a preweighed 1.2-um glass fiber filter. The filter is carefully removed 
and dried at 95 °C for 24 hr and reweighed to determine suspended solids in 
mg L-1 using the following formula: 

SS = (mg d7J1.filter +.filtered solids) - (mg dry filter) * 10 (C-3) 

Determination of water pH. A pH electrode is placed directly into the 
runoff water sample collected and the pH is read on a pH meter. May be 
required to determine if water quality standards for pH are met. 

Electrical conductivity (EC). A conductivity cell is inserted directly into 
the runoff samples collected and EC is determined on a conductance meter to 
determine EC in mmhos cm-1

• This is a concern when discharging runoff water 
from a saltwater dredged material into freshwater receiving water. 

C.3.6 Interpretation of results 

The results of the RSLS test are evaluated as described in Chapter 5. A 
computer program (RUNQUAL) is provided for this purpose (Schroeder, 
Gibson, and Dordeau 1995) and is a module of the Automated Dredging and 
Disposal Alternatives Modeling System (ADDAMS). The program can be 
downloaded from the WES/ERDC Environmental Laboratory website: 
(http://www.wes.army.mil/el/elmodels/index.html) 

C.4 Runoff Toxicity Evaluation 

Additional testing may be required to assess the impacts of contaminants in the 
dredged material runoff on approp1iate sensitive organisms to dete1mine if there is 
potential for the dredged material to have an effect due to interactive effects of 
multiple contaminants or from contaminants with no WQS. The runoff toxicity 
test uses lethality as the primary endpoint because the impmtance of this endpoint 
is easily interpreted. These acute tests use organisms representative of the water 
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column at the disposal site. The recommended procedures for water column 
toxicity tests for evaluation of rnnoff discharges are conducted in generally the 
same manner as those for discharges of material into open water as described in the 
Inland Testing Manual (ITM) (USEP A/USACE 1998). The only exception is that 
the toxicity test medium is prepared using the SLRP or RSLS rnnoff procedure. 

The results of the water column toxicity tests should be interpreted considering 
the effects of mixing. If the concentration of dissolved plus suspended contami
nants, after allowance for mixing, does not exceed 0.01 of the toxic (LC50 or 
EC50) concentration beyond the boundaries of the mixing zone, the discharge is 
predicted not to be acutely toxic to water column organisms. If the concentration of 
dissolved plus suspended contaminants, after allowance for mixing, exceeds 0.01 
of the toxic concentration, the discharge is predicted to be acutely toxic to water 
column organisms. 

C.4.1 Runoff water preparation for water column toxicity test 

The volume required for each analysis, the number of variables measured, and 
the desired analytical replication will influence the total rnnoff sample volume 
required. A 4-L cylinder is n01mally used for the test, and the supernatant volume 
available for sample extraction will vary from approximately 500 to 1,000 mL, 
depending on the sediment properties, settling times, and initial concentration of 
the slurry. It may be necessary to composite several extracted sample volumes or 
to use large-diameter cylinders to obtain the total required volume. 

C.4.2 Apparatus 

The following items are required: 

a. SLRP or RSLS apparatus. 

b. Several 4-L glass bottles with teflon caps. 

c. Clock with second hand. 

C.4.3 Test procedure 

Sample collection and preparation. Runoff samples for the water column 
toxicity test are collected in 4-L bottles as desc1ibed in the SLRP or RSLS rnnoff 
procedures. It may be necessary to let the samples settle and the supernatant 
carefully removed so that the suspension is clear enough at the first observation 
time for the organisms to be visible. The general guidance in the ITM should be 
followed in perfo1ming the toxicity tests. 
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C.4.4 LAT-R computer-assisted runoff toxicity evaluation 

The LAT-R application (Brandon, Schroeder, and Lee 1997) of the ADDAMS 
suite of computer programs (Schroeder and Palermo 2000) provides a computer 
program to assist in the analysis of effluent(wrong- still doesn't exist.) toxicity. 
The LAT-E application, along with documentation, can be downloaded from the 
USACE DOTS website at www.wes.army.mil/el/dots. If desired, manual data 
analyses procedures for evaluation of runoff toxicity are available in the ITM 
(USEP A/USACE 1998). 
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Appendix D 
Leachate Testing Procedures 

D.1 Introduction 

This appendix provides detailed step-by-step procedures for conducting tests 
for evaluation of confined disposal facilities (CDF) leachate. The background, 
rationale, and tiered framework for application of these procedures are discussed in 
Chapter 6 of the main text of this Upland Testing Manual (UTM). Two test 
procedures are included in this appendix: 

a. Sequential Batch Leachate Test (SBLT). 

h. Pancake Column Leach Test (PCLT). 

D.2 Theoretical Basis and Considerations for 
Testing 

A basic understanding of the theoretical aspects of interphase contaminant 
transfer is necessary for informed interpretation of leachate testing results. 
Contaminant migration via leachate seepage is a porous-medium contaminant 
transport problem (Figure D-1 ). Leaching is defined as interphase transfer of 
contaminants from dredged material solids to the pore water surrounding the 
solids and the subsequent transp01t of these contaminants by pore water seepage. 
Interphase mass transfer during dredged mate1ial leaching is a complicated 
interaction of many elementary processes and factors affecting these processes 
(Figure D-2). A complete desc1iption of all these processes, factors, and 
interactions is not presently possible. Instead, a lumped variable, the distribution 
coefficient, is used to describe the distribution of contaminant between aqueous 
and solid phases. 

D.2.1 Equilibrium Assumption 

In order for contaminants to cross the interface between dredged material 
solids and water, a difference in chemical potentials must exist. Chemicals 
migrate from a region of high chemical potential to a region of low chemical 
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Figure D-1. Model of dredged material leaching (from Hill, Myers, and Brannon 
1988) 

potential just as electric cunent flows from a region of high electrical potential 
to one of lower electrical potential. When chemical potentials are equal, the net 
transfer of contaminant across the solid-water interface is zero, and the mass of 
contaminant in each phase is constant, but not necessarily equal. The processes 
shown in Figure D-2 control the rate at which equilibrium is reached and the 
equilibrium dist1ibution of contaminant between solid and aqueous phases. 
Once equilibrium is reached, the ratio of contaminant mass in the solid phase to 
the contaminant mass in the aqueous phases does not change. 

In practice, a true equilibrium between dredged material solids and pore 
water never exists because some of the processes shown in Figure D-2 have very 
slow reaction rates. However, a pseudo steady state can be reached between 
dredged mate1ial solids and water if the water is moving past the solids slowly 
enough, as discussed in a following section. By assuming equilib1ium between 
solid and aqueous phases, the need for determining controlling processes and the 
rate coefficients for these processes is eliminated. Without the equilibrium 
assumption, laboratory testing and mathematical modeling would require 
determination of controlling processes and investigation of the kinetics for these 
processes. As is apparent from Figure D-2, predictive laboratory tests and 
mathematical models based on chemical and mass transfer kinetics would be too 
complicated for routine evaluation of dredged material leaching. Thus, 
application of the equilibrium assumption is imperative for the development of 
predictive techniques suitable for routine use. 

Under equilibrium conditions, only the relative distribution of contaminant 
between solid and aqueous phases is needed to predict leachate quality. 

(D-1) 
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Figure D-2. lnterphase transfer processes and factors affecting interphase 
transfer processes 

where 

Kd = equilibrium distribution coefficient, L/kg 

q = contaminant concentration in solid phase at equilibrium, mg/kg 

C = contaminant concentration in aqueous phase at equilib1ium, mg/L 

Equation D-1 describes the equilibrium distribution of a single contaminant 
in a dredged material; that is, equilibrium distribution coefficients are 
contaminant and dredged material specific. Kd is affected by various factors 
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(sediment oxidation status, pH, and ionic strength). Varying these factors dming 
leaching can shift the equilibrium position of the system and change Kd. 

D.2.2 Equilibrium-controlled desorption in a CDF 

The assumption of equilibrium-controlled desorption in a CDF is based on 
two arguments: (a) the intuitive argument that the interphase transfer rates 
affecting leachate quality are fast relative to the volumetric flux of pore water in 
CDFs and (b) the argument that equilibrium-controlled desorption provides 
conservative predictions of leachate quality. This section discusses these 
arguments. The term "desorption" as used here and in the remainder of the 
leachate discussion refers to the composite effect of the elementary interphase 
transfer processes shown in Figure D-2. 

Contaminated dredged materials are usually fine-grained and have hydraulic 
conductivities in the range of l o-8 to 10-5 cm/sec. When the hydraulic 
conductivity is this low, pore water velocity is also low for the gradients 
normally encountered in CDFs. Consolidation with excess pore pressure can 
yield greater localized gradients at the bottom. For gradients near l, pore water 
velocities approximate hydraulic conductivities; that is, the water moves very 
slowly at velocities of l o-8 to 10-5 cm/sec. 

When the rate at which water moves is slow relative to the rate at which 
equilibrium is approached, a local chemical equilibrium exists between the pore 
water and the sediment solids. The local equilibrium concept is illustrated in 
Figure D-3. The local equilibrium assumption implies that as a parcel of water 
passes a parcel of dredged material solids, the water and solids come to chemical 
equilibrium before the parcel of water moves to contact the next parcel of 
dredged material solids. Leachate quality at the surface of a CDF will differ 
from leachate quality at the bottom of a CDF, while leachate in both locations 
will be in equilibrium with the dredged material solids. In reality, equilibrium
controlled desorption requires an infinitely fast desorption rate. However, if the 
critical interphase transfer rates are sufficiently fast, the equilibrium assumption 
can yield results indistinguishable from full kinetic modeling (Jennings and 
Kirkner 1984; Valocchi 1985; Bahr and Rubin 1987). 

In addition to being a good approximation, the assumption of equilibrium
controlled desorption is conservative; that is, predictions based on the equi
librium assumption will overestimate leachate contaminant concentrations for 
dredged mate1ial where contaminant desorption is occurring. However, the 
equilibrium assumption is not conservative in the foundation soils where con
taminant adsorption, retardation, and diffusion occurs, because less contaminants 
would be removed from the leachate as it passes through the foundation soils 
than would be removed if equilibrium were achieved. The equilibrium 
assumption is conservative because interphase transfer is from the dredged 
material solids to the pore water, and equilibrium means that all of the 
desorption that can occur has occurred. Thus, for clean water ente1ing the 
dredged mate1ial, pore water contaminant concentrations cannot be higher than 
the equilibrium value. 
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PORE WATER 

THE PORE WATER IN EACH INCREMENT COMES TO EQUILIBRIUM 
WITH THE SEDIMENT SOLIDS IN THAT INCREMENT 
BEFORE MOVING INTO THE NEXT INCREMENT 

Figure D-3. Illustration of local equilibrium assumption for leaching in a CDF 

D.2.3 Oxidation status of sediment 

Neither hydraulic nor mechanical dredging adds sufficient oxygen to over
come the sediment oxygen demand of fine-grained sediments. As a result, the 
dredged material in a CDF remains anaerobic except for a surface crust that may 
develop if the CDF dewaters by evaporation and seepage. Such an oxidized 
crust may eventually be several feet thick but seldom represents a significant 
portion of the vertical profile for the typically fine-grained material in CDFs. An 
aerobic leaching procedure may be necessary if the full lift thickness is 
dewatered p1ior to disposal of the next lift. Sequential batch leaching of aerobic, 
aged sediment can be used to simulate leaching of the surface crust in a CDF 
(Brannon, Myers, and Tardy 1994). 

D.2.4 Ionic Strength 

Sequential batch leaching of freshwater sediments usually yields desorption 
isotherms such as shown in Figure D-4 (Brannon, Myers, and Tardy 1994). 
This is what is known as a classical desorption isotherm. Its key feature is a 
single distribution coefficient that is constant throughout the sequential leaching 
procedure. A commonly observed feature of desorption isothe1ms for metals in 
freshwater sediments is that they do not go through the origin but rather intercept 
the ordinate at some other point. The intercept indicates the amount of metal in 
geochemical phases that are resistant to aqueous leaching. 
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Figure D-4. Desorption isotherms for slope-derived and single-point distribution 
coefficients 

The general form of the q versus C relationship for classical desorption 
isotherms is as follows: 

(D-2) 

where qr is contaminant concentration in solid phase resistant to leaching, mg/kg 

Nonconstant distribution of contaminants between dredged material solids 
and water is commonly observed dming leaching of estuarine sediments 
(Brannon et al. 1989; Brannon, Myers, and Price 1990; Brannon et al. 1991 ). 
Nonconstant contaminant paititioning yields batch isotherms for which the 
distribution coefficient changes as the solid phase concentration q decreases 
during sequential leaching, until a turning point is reached (Figure D-5). At the 
turning point, the distribution coefficient becomes constant and desorption 
begins to follow the classical isotherm. The nonconstant distribution coefficient 
portion of the desorption isotherm is related to elution of salt. 

As salt is eluted from estuarine sediments, the ionic strength of the aqueous 
phase is reduced. According to the Gouy-Chapman model of charge distribution 
in double layers, decreasing the ionic strength increases repulsive forces (Stumm 
and Morgan 1981) and causes the double-layer thickness between colloids to 
increase. Flocculated colloidal matter becomes increasingly deflocculated and 
more easily entrained in flow. The overall effect is an increase in dissolved 
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Figure D-5. Desorption isotherm illustrating nonconstant and constant 
partitioning 

organic carbon (DOC) concentrations in the aqueous phase, mobilizing metals 
and organic contaminants bound to the colloidal matter (Brannon et al. 1991 ). 
For these reasons, the type of desorption isotherm shown in Figure D-5 is 
referred to as a DOC-facilitated desorption isotherm. Since the relationship of q 
versus C is not a one-to-one conespondence for DOC-facilitated desorption 
isotherms, q as a function of C cannot be developed from the isotherm. 

The shear velocity at particle surfaces affects colloid release from sediment 
particles under the influence of decreasing ionic strength. The shear velocities 
developed by agitation during batch testing are infinitely large compared to the 
low shear velocities developed as water percolates through dredged material in a 
CDF. Colloidal mass release in a batch test, therefore, is not representative of 
colloidal mass release in a CDF under the influence of decreasing ionic strength. 
In addition, batch testing requires a liquid-solids separation step that alters the 
size dist1ibution of colloids that are included in the dissolved phase. Thus, in a 
batch test, neither the mass nor the size distribution of colloidal release to pore 
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waters in a CDP is properly represented. For these reasons, it is difficult to 
couple results from sequential batch leaching with porous media fluid mechanics 
(advection and dispersion) and from this coupling predict leachate quality. 

D.2.5 Considerations in Test Selection and Test Conditions 

This section presents recommendations for selecting the appropriate leach 
test and testing conditions, accounting for both the theoretical considerations 
described above and the practical aspects of testing. The selection of the 
appropriate test (SBL T or PCL T) and testing options and procedures are a 
function of the sediment salinity, the possible presence of Non-Aqueous Phase 
Liquids (NAPLs), CDP site conditions, and the COC. The following tabulation 
summarizes the recommended test for various sediment characteristics: 

Recommended Leach 
Sediment/ Site Characteristics Test 

Sediments containing NAPL PCLT 

Saltwater Sediments with freshwater infiltration PCLT 

Saltwater Sediments without freshwater infiltration SBLT 

Freshwater Sediments SBLT 

Freshwater Sediments with Hydrophobic Organics as the only 
SBL T (single cycle) coc 

Presence of NAPL. If the sediments contain NAPLs, the PCLT is the 
recommended leachate test. During the SBLT, the physical process of agitation 
during the test has resulted in a release of trapped NAPL from the sediment 
matrix that would not be expected under field leaching conditions. Since the 
PCL T is conducted using a column, no agitation problems occur. 

Ionic strength. Either the SBL T or PCL T may be used for freshwater 
dredged materials. Since the SBLT test is a simpler procedure and is more cost 
and time effective than the PCLT, the SBLT test would normally be preferred for 
freshwater sediments. The PCL T is recommended for saltwater sediments 
because of the influence of colloidal materials if the sediments are placed such 
that they are subject to freshwater infiltration, e.g., in an upland CDP. As salt is 
progressively leached from saline sediments during any leachate testing process, 
the colloids become destabilized and are subsequently released. Since the SBL T 
is a batch test, the aqueous phase concentrations of contaminants are obtained by 
centrifugation or filtration of the test samples. These processes remove a portion 
of the colloids, resulting in potentially erroneous results with saline sediments 
for the SBL T. The PCL T is a column leach test in which samples are obtained 
directly from the test column and analyzed without centrifugation or filtration, 
and any potential colloidal release is properly accounted for. For this reason, 
the PCLT test is required for saline sediments subject to freshwater infiltration. 

Hydrophobic organics. Hydrophobic organics, such as PCBs or DDT and 
its metabolites, have Kd values on the order of hundreds to thousands. Since 
such a small portion of the contaminant mass is partitioned to a given pore water 
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volume, test results will show little difference in sequential leach test cycles. So, 
results of an SBLT test on freshwater sediments will result in a "clustered" 
desorption isothenn for these compounds, with the data reduced essentially to a 
dot when plotted on the isotherm graph. For such clustered isotherms, Kd is the 
single point distribution coefficient. Therefore, if the only contaminants of 
concern are hydrophobic organics and these COCs are or are assumed to be 
reversibly sorbed with no subfraction resistant to leaching, a single-point 
isotherm, based on one SBL T test cycle, is sufficient. 

Challenge water. Both the SBL T and PCL T involve "challenging" a 
sediment sample with water to produce a leachate sample for testing. The site 
conditions expected at the CDF should be considered in selecting the water used 
in the tests. Most leachate tests should be performed using deoxygenated, 
distilled-deionized (DDI) water, which is the appropriate challenge water to 
simulate leachate generated by freshwater infiltration via precipitation. Tests 
conducted with challenge water simulating acid rain conditions have shown no 
effects on results as compared to DDI water because of the buffering capacity of 
the sediments. Therefore, DDI water should be used for testing freshwater 
sediments and for saltwater dredged materials placed in upland CDFs. For 
saltwater dredged material placed in nearshore or island CDFs, the anticipated 
site conditions should be considered to detennine if fresh or saline challenge 
water is appropriate. For example, some portions of sediments placed in 
nearshore or island CDFs constructed in brackish or saltwater may remain below 
the mean low water level and would never be exposed to freshwater infiltration. 
For these conditions, dredging site water would be the appropriate challenge 
water for leachate tests. In this case, salinity washout is not expected, and the 
SBL T is appropriate. 

Oxidation status of sediments. Most leachate tests should be conducted 
using anerobic sediment (no drying or oxidation prior to testing). Anerobic 
sediments are approp1iate for testing related to all nearshore or island CDFs in 
which the sediments will remain below the mean low water elevation. For 
upland CDFs, anerobic conditions are also appropriate in most cases, since lower 
horizons of the dredged mate1ial will remain saturated and anerobic, even if an 
aerobic surface crust develops. An aerobic leaching procedure (in which the 
sediments are dried and oxidized prior to testing) may be necessary if anticipated 
site management would result in dewate1ing the full lift thickness prior to 
disposal of all subsequent lifts. 

D.3 Sequential Batch Leach Test (SBL T) for 
Freshwater Sediments 

The sequential batch leach test (SBL T), used to evaluate potential leachate 
quality in freshwater dredged mate1ial, involves exposing anaerobic dredged 
material to successive aliquots of anaerobic distilled-deionized water 
(http://www.wes.army.mil/el/dot<;/pdj~lmpd941.pdj). Sediment is prepared and 
loaded into centrifuge tubes under anaerobic conditions at a 4: l water to 
sediment ratio, then sequentially leached for 24 hr with distilled-deionized (DDI) 
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water. Leachate is separated from sediment by cent1ifugation, and the leachate 
is chemically analyzed. Fresh DDI water1 is added to the centrifuge tube to 
replace that removed, and the process is repeated a minimum of four complete 
cycles. 2 

D.3.1 Materials and apparatus 

• 450-mL stainless steel centrifuge tubes for organic contaminants 

• 250-mL polycarbonate centrifuge tubes with leakproof caps for metals 

• Weighing scale with sufficient capacity to accurately weigh cent1ifuge 
bottle, cap, and added sediment and water 

• Glove box of sufficient size to contain centrifuge bottles, sediment, and 
scale 

• High purity nitrogen gas 

• DDI water conforming to American Society for Testing and Materials 
(ASTM) Type II (ASTM D 1193-99) (ASTM 1999) 

• Concentrated HCl 

• Concentrated Ultrex HN03 

• Vacuum source 

• Mechanical mixer 

• Stainless steel spatula 

• Paper towels 

• Glass fiber filter, 1 micron, 47-mm diam, binder free, (Gelman Type A/E 
or equivalent) 

• Glass fiber prefilters, 4 micron, 47-mm diam, binder free, (Whatman 
Type GD/F or equivalent) 

• Cellulose acetate filters, 0.45 micron, 47-mm diameter, (Millipore or 
equivalent) 

• Filtration manifolds for organics and metals 

• High capacity tumbler 

• Muffle furnace 

• Oxygen meter 

1 DDI water is the appropriate challenge water when the sediments will be exposed to 
freshwater infiltration in the CDF. In some cases, dredging site water may be a more 
appropriate challenge water (see Section D.2.5). 
2 The distribution coefficient for hydrophobic organics is constant and on the order of 
hundreds to thousands. In this case, an SBL T test will result in a clustered desorption 
isothenn. Therefore, if the only contaminants of concern are hydrophobic organics, a 
single-point isotherm, based on one SBLT test cycle, is sufficient (see Section D.2.5). 
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• 1-L amber glass sample bottles for organic contaminants 

• 250-mL plastic sample bottles for metals 

• Dredged material 

D.3.2 Procedure 

a. For organic contaminant leaching, use clean stainless steel centrifuge 
tubes, stainless steel spatulas, and glass filtration apparatus according to 
instructions for analysis of organic contaminants in SW-846, Test 
Methods for Evaluating Solid Waste, U.S. Environmental Protection 
Agency, Office of Solid Waste and Emergency Response, Washington, 
DC 20460 (US EPA 1986). Com bust glass fiber filter and prefilter at 
400 °C for 15 min. 

b. For metal contaminant leaching, use clean polycarbonate centrifuge 
tubes, stainless steel spatulas, and polycarbonate filtration apparatus 
according to instructions for metals analysis in SW-846 (USEPA 1986). 

c. Prepare forms and labels. Conduct percent solids determination on 
mixed sediment sample and calculate solids and water content and 
required weights of water and sediment to achieve a water to solids ratio 
of 4: 1 (weight of pore water+ weight of distilled deionized (DD[) 
wateridry weight of sediment). 

d. Seal the glove box, and using alternate vacuum and nitrogen addition, 
purge and vent until the oxygen meter registers 0 percent. Ensure that a 
slight overpressure of nitrogen exists inside the glove box. This can be 
determined by observation of a slight expansion of the rubber gloves 
attached to the glove box. 

e. Add all necessary equipment to the glove box through the airlock. Cycle 
as necessaiy to remove any residual oxygen. 

f In the glove box, remix the sediment to ensure uniformity. Place a 
centrifuge bottle with cap on the balance and record the weight. Tare 
the centrifuge bottle and cap and load with sediment to the desired 
weight. Record the weight of the sediment added. Tare the centrifuge 
bottle, cap, and added sediment, and add DDI water to bring the final 
water to sediment ratio to 4: 1. Wipe sediment from any surface that 
contacts the o-ring of the leakproof top. Record the weight of DDI 
water, then zero the balance and record the weight of bottle, cap, 
sediment, and leach water. Bottles should be loaded such that pairs of 
bottles balance to within 2 g. For organic contaminants, multiple bottles 
may be required to obtain sufficient leachate (1 L) for chemical analysis. 

g. Ensure that all centrifuge bottles are sealed, then remove the bottles from 
the glove box, and transfer them to a tumbler. Tumble the samples for 
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24 hr at a rate of 40 revolutions per minute. Record the time tumbling 
starts and stops. 

h. Remove the centrifuge bottles from the tumbler and place paired bottles 
opposite one another in a refrigerated centrifuge. Centrifuge stainless 
steel tubes for organic contaminant analysis at 6,500 x g for 30 minutes. 
Note: Stainless steel centrifuge tubes are heavy, limiting the speed of 
centrifugation. Leachates for metals are centrifuged at 9,000 x g. 

i. Assemble the decontaminated filtration apparatus. For organic 
contaminants, the 4-micron prefilter is placed over the I-micron glass 
fiber filter. Filter the samples, maintaining a nitrogen atmosphere over 
the samples while filtration is ongoing. Acidify leachate for organic 
analysis with l mL of concentrated HCl per liter of leachate to prevent 
iron precipitation and organic scavenging, then transfer sample to a 
precleaned, 1-L amber glass bottle. Bottles for analysis of organic 
contaminants should be filled to the top. For metals, much the same 
procedure is followed. Filter the sample through a 0.45-micron filter and 
acidify with l mL of concentrated Ultrex nitric acid per liter ofleachate. 
Transfer leachate samples to plastic bottles for storage and analysis. 

j. In the deoxygenated glove box, record the weight of the centrifuge bottle 
with lid and sediment after filtering. Repeat with remaining samples. 

k. Add DD[ water to the centrifuge tubes to bring them back to the same 
water to solids ratio of 4: l. Record the weight of bottle with lid, DDI 
water, and sediment. Repeat with remaining samples. 

l. Tumble samples and centrifuge as described in steps g through i. Repeat 
a minimum of four times. 

m. Using DD[ water, prepare and run a procedure blank according to the 
procedure described above for one cycle. 

n. Using DD[ water, prepare a lab blank. 

D.3.3 Data presentation 

The data for each contaminant of concern should be presented in separate 
tables that include the following info1mation: 

• Leachate concentration for each leach cycle 

• Calculated sediment concentration ( q) for each leach cycle where 
qi =-qi-J - 4C-i and q" equals the initial sediment concentration 

• Contaminant distribution coefficient (Kd), which is the slope of the linear 
regression of the leachate concentration for each leach, cycle, C, (x axis) 

012 Appendix D Leachate Testing Procedures 

ED_013073_00000029-00208 



versus the sediment concentration, q, (y axis) for each leach cycle. Units 
for q are mg/Kg and units for Care mg/L. Units for Kd are L/kg. 

D.4 Pancake Column leach Test for Estuarine 
Sediments 

The Pancake Column Leach Test (PCLT), used to evaluate potential leachate 
quality in estuarine dredged material, serves as a laboratory-scale physical model 
of contaminant elution from dredged material that includes advection-dispersion, 
colloid, release, and other mass transfer effects. Contaminated sediment is 
mixed, weighed, and loaded into the column leach apparatus. DDI1 water is 
introduced into the loaded column over an extended time interval. Water flow is 
controlled by a constant-volume pump. Leachate samples are collected at 
specified time intervals and are analyzed for COC. 

D.4.1 Column materials and apparatus 

• Column Leach Apparatus (Figure D-6) 

• Kg weighing scale 

• Two 9/16-in. open-ended wrenches 

• One 10-in. crescent wrench 

• Mechanical mixer 

• Polyethylene beaker (5,000 mL) 

• Stainless steel spatula, 12 in. 

• Stainless steel spatula, 6 in. 

• Polyethylene scoop 

• Paper towels 

• Glass fiber filter, 1 micron, 257-mm diam, binder free, (Gelman Type 
A/E or equivalent) 

• Polyethylene gloves 

1 DDI water is the appropriate challenge water when the sediments will be exposed to 
freshwater infiltration in the CDF. In some cases, dredging site water may be a more 
appropriate challenge water (see Section D.2.5). 
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Figure D-6. Schematic of the Pancake Column Leach Test apparatus 

• Teflon tubing (ID 5/32 in., OD 1;4 in.) 

• Contaminated sediments 

• Constant-volume metering pump (Example: Fluid Metering, [nc., Model 
# QG6-0-SSY and QG6-2-SSY) 

• Dial indicator kit (Example: Fluid Metering, Inc., Q485-l) 

• 0-rings (ring diameter 10.75 in., OD 0.157 in.) 

• Stainless steel plug valve, (Example: Hoke# 7312G4Y) 

• Stainless steel tubing, (OD 1/4 in., ID 1/8 in.) 

• Stainless steel tubing, (OD 1/8 in.) 

• Compression fittings, (1/4 in. x l/2 in.) and (l/4 in. x 1/8 in.) 
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• 5-gal glass bottle 

• Support table for columns 

• Detergent 

• Deoxygenated, distilled-deionized (DDI) water conforming to ASTM 
Type II (ASTM DI 193-99) (ASTM 1999). 

D.4.2 Column Preparation Procedure 

a. Assemble the Fluid Metering Pump and Dial Indicator Kit according to 
manufacturer's instructions. 

b. Clean the column parts with a liquid, nonionic, metal-free, detergent 
solution, iinse thoroughly with DDI water, and let dry. 

c. Screw the nuts onto the bottom of the threaded rods and insert the rods 
through the column base plate. Place the base plate in the 3-in.-diam 
hole on the table. 

d. Using Yi-in. x Yz-in. compression fittings, attach a 2-in. piece of Yi-in. 
stainless steel tubing to the inlet of the base plate. (Note: Use Yi-in. x 
Yz-in. compression fittings to make all stainless steel/ teflon tubing/ plug 
valve/ fluid pump connections.) 

e. Connect a stainless steel plug valve to the 2-in. piece of stainless steel 
tubing. Use a suitable length of 1/4-in. OD teflon tubing to connect the 
plug valve to the outlet side of the Fluid Metering Pump. 

f Attach a suitable length of 1/4-in. OD, teflon tubing to the inlet side of 
the pump, and insert the opposite end of this tubing in a 5-gal glass 
bottle filled with deaired, DDI water. Securely cover the mouth of the 
bottle with parafilm. 

g. Open the plug valve, and tum on the fluid pump. When the water level 
reaches the grooves inside the base plate, tum off the pump. 

h. Place an 0-ring inside the base plate making sure the 0-ring is properly 
seated to avoid water leakage. Place a distribution disk in the base plate. 
Place a glass fiber filter on top of the distribution disk. Place the 
sediment chamber in the base plate, properly aligning it on top of the 
0-ring. 

i. On a mechanical mixer, carefully mix the sediment. Mixing under an 
oxygen-free atmosphere is recommended. 
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j. Weigh the 5,000-mL beaker, spatula, and scoop. Use the scoop to 
transfer approximately 4 kg of sediment to the beaker. Record the total 
weight of the sediment, beaker, spatula, and scoop. 

k. Slowly fill the sediment chamber with sediment from the beaker, while 
carefully avoiding entrapment of air bubbles. When the sediment is 
level with the top part of the sediment chamber, carefully smooth the 
surface of the sediment with the spatula. (Note: In order to properly 
seat the top distribution plate, clean the groove in the sediment 
chamber.) 

l. Place a distribution plate on top of the sediment chamber. Place a glass 
fiber filter on top of the distribution plate. Wet the 0-ring before 
placing it in the top groove of the sediment chamber. 

m. Carefully place the top plate on the sediment chamber, aligning the plate 
with the threaded rods in the base plate. Tighten all nuts. Connect Y-1-in. 
stainless steel tubing to the outlet of the top plate. 

n. Connect a suitable length of stainless steel, or teflon tubing to the outlet 
of the top plate. (Teflon is recommended for leaching of metals.) 

o. Set the dial indicator to obtain the conect flow rate for experimental 
conditions. Turn on the fluid pump, carefully check all areas for leaks, 
and tighten connections if necessary. 

p. Reweigh the beaker, spatula, scoop, and sediment remaining in the 
beaker. Determine the weight of sediment in the column leach 
apparatus, by difference, and record this weight. 

D.4.3 Collection and preservation of column leachate samples for 
total metal, chloride ion, total organic carbon, pH, and electrical 
conductivity analyses 

This procedure describes the collection and preservation of samples 
generated from leaching of sediment and dredged material in laboratory column 
leaching apparatus. Column leachate samples are collected at a prescribed 
frequency, preserved with acid to pH< 2, and stored at 4 °C p1ior to metals, 
chloride ion, and total organic carbon (TOC) analyses. The pH and electrical 
conductivity are dete1mined on discrete nonacidified samples. 

A. Sampling and preservation materials. 

• Analytical balance 

• pH paper 

• Parafilm, minimum 4 in. in width 
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• Labeling tape 

• pH meter 

• Electrical conductivity meter 

• Clamp, large 

• Ring stand 

• Pipetter 

• Pipet tips: 1mL,5 mL 

• Polyethylene stirring rods 

• Polyethylene bottles: 60, 250, 500, 1,000 mL 
Note: All plastic ware must be prewashed with a metal-free, nonionic 
detergent solution, rinsed, soaked in 1 + 1 nitric acid.for 24 hr, and 
rerinsed in distilled-deionized (DD!) water. 

• DDI water confonning to ASTM Type II Water (ASTM Dl 193-99) 
(ASTM 1999) 

• Ultrex nitric acid, concentrated 

• Ultrex sulfuric acid, concentrated 

B. Sample preservation procedure. 

a. Place two strips of labeling tape on each polyethylene sample collection 
bottle. Consult the sample collection chart in Table Dl, then pipette 0.5 
mL DDI water and 0.5 ml concentrated Ultrex nitric acid per l 00 mL of 
leachate sample for metal analysis into the polyethylene bottle. For 
TOC analysis, pipette 0.5 mL DDI water and 0.5 mL concentrated Ultrex 
sulfuric acid into the collection bottle. Weigh the bottle and lid, and 
record this weight on one strip of labeling tape. 

b. On the other stlip of tape, label each collection vessel with the sediment 
identification, column leach apparatus number, sample number, and 
parameter code. Suggested parameter codes are M =metals, C = 
chloride, T =Total Organic Carbon, and PE= pH and electrical 
conductivity. 

c. Remove the lid, and securely cover each bottle with parafilm. Puncture 
a small hole in the center of the parafilm with a pipette tip. 

d. Attach a large clamp to a ring stand, and secure the collection bottle to 
the clamp. Place the bottle under the column leach apparatus, tilting, 
and elevating the bottle in such a manner that the end of the outlet tubing 
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is in contact with the acid solution in the bottle. Tightly seal the 
parafilm around the outlet tubing. 

C. Sample collection procedure. 

a. Collect leachate samples at a prescribed frequency. Recommended 
frequency is provided in the Sample Collection Chart in Table Dl. 

b. After collection, replace the lid, carefully mix the leachate sample, and 
reweigh. Determine the weight of sample collected, by difference, and 
record this weight. 

c. Insert a polyethylene stining rod in the sample, and check the pH of the 
sample with pH paper. If the pH of the sample is greater than 2, add 
concentrated Ultrex nitric acid in 0.1-mL increments until the pH is less 
than 2. 

d. For chloride detennination, weigh 40 g of leachate sample into a 60-mL 
polyethylene bottle. Label the bottle with the sediment identification, 
column leach apparatus number, sample number, and parameter code. 
Store samples at 4 °C. 

1 . ,...._ .. ·-- ,.., _ .. 
Approximate Sample Size (grams) . 

Metals TOC 
250 100 
250 100 
250 100 
250 100 
250 100 
250 100 
500 250 
500 250 
500 250 
500 250 
500 250 
500 250 
500 250 
500 250 
500 250 
500 250 
500 250 
500 250 
500 250 

1,000 500 
1,000 500 
1,000 500 
1,000 500 
1,000 500 
1,000 500 
1,000 1,000 
1,000 1,000 
1,000 1,000 
1,000 1,000 
1,000 1,000 
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e. After each metal/chloride and TOC leachate sample has been collected, 
place a labeled, preweighed 20-mL polyethylene bottle under the column 
outlet. Collect approximately 12 g of leachate. (Reweigh the bottle to 
determine the exact weight of leachate.) Check the pH and electrical 
conductivity of this sample on a pH meter and electrical conductivity 
meter. 

D.4.4 Collection and preservation of column leachate samples for 
analysis of organic constituents 

This procedure describes collection and preservation techniques for samples 
generated from leaching of sediments, and dredged materials in laboratory 
column leaching apparatus. Column leachate samples are collected in amber 
glass bottles, in a prescribed manner. The samples are stored at 4 °C, then 
analyzed for polycyclic aromatic hydrocarbons (PAHs), polychlorinated 
biphenyls (PCBs), and other related organic constituents. 

A. Materials. 

• Analytical balance 

• Labeling tape 

• Fraction Collector, with the capability of time-based sample collection in 
seconds or minutes (Example: Eldex Laboratories, Inc., Model UP- lA) 

• Silicone tubing, plasticizer-free, additive-free (1/8 in. ID x 1/4 in. OD 
and 1/4 in. ID x 3/8 in. OD) 

• Amber glass bottles with Teflon-lined lids, precleaned to EPA Level 1: 
1,000 mL 

• Distilled-deionized (DD[) water conforming to ASTM Type II (ASTM 
Dl 193-99) (ASTM 1999). 

• Methanol, pesticide grade or equivalent 

B. Procedure for preparation of fraction collector. 

a. Assemble the Fraction Collector according to manufacturer's 
instructions, and place it on the table near the Column Leach Apparatus 
described previously. Attach a 12-in. section of silicone tubing (1/8-in. 
ID x 1/4-in. OD, cleaned with methanol and rinsed repeatedly with DDI 
water) to the outlet tubing on the Column Leach Apparatus. 

b. Attach l/8-in. ID silicone tubing to the bottom of the glass tubes on the 
Fraction Collector. (This silicone tubing will be later connected to 
1/8-in. stainless steel tubing inserted in lids used to cover the amber 
bottles during sample collection.) 
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c. Remove the lids from two l-L amber bottles. Drill four li8-in.-diam 
holes in each lid. Insert pieces of l /8-in. stainless steel tubing, equal to 
the height of the amber glass bottle (plus about 2 in.), through each hole. 

C. Procedure for sample collection. 

a. Place a strip of labeling tape on each amber sample collection bottle. 
Weigh the bottle and lid, and record this weight on the tape. 

b. Label each collection vessel with the sediment identification, column 
leach apparatus number, sample number, and parameter code. Suggested 
parameter codes are P AH = polycyclic aromatic hydrocarbons, PCB = 

polychlorinated biphenyls. 

c. Remove the lids from the weighed bottle and replace them with the lids 
described above. Place the bottle on the base of the Fraction Collector. 
Connect the silicone tubing described above to the stainless steel tubing 
on top of the lids. 

d. Set the time-based control module on the Fraction Collector to collect a 
minimum of 500 mL of leachate sample per collection vessel. 

D. Procedure for sample preservation. 

a. After collection, place the original lid on each leachate sample, and 
reweigh. Determine the weight of sample collected, by difference, and 
record this weight. 

b. Immediately after collection, store samples at 4 °C. 

E. Data presentation. 

The data for contaminant of concern should be presented in tables that 
include contaminant concentrations and concentrations of other relevant 
chemical species such as chl01ide ion, total organic carbon, pH, and electrical 
conductivity as a function of pore volumes eluted (T). 

F. Data analysis. 

Column leach tests are laboratory-based physical models of contaminant 
leaching in a CDF, designed to show leachate concentration (C) as a function of 
pore volumes eluted (T). Unlike freshwater sediment leaching, where maximum 
leachate contaminant concentrations occur at the beginning of leaching, 
estuarine sediment leaching yields maximum leachate contaminant 
concentrations after a number of pore volumes have been leached. This 
phenomenon is the result of the release of colloids as ionic strength decreases. 
Examples of elution curves can be found in Myers, Brannon, and Tardy (l 996) 
http://www.wes.army.mil/el/ dots/pdfeltrd961.pdf 
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The number of pore volumes required to reach the peak on contaminant 
elution curves can be used to estimate the time to reach maximum contaminant 
concentrations in a CDF. This time will depend on a number of site-specific 
factors that govern hydraulic flux. These factors include dredged material 
hydraulic conductivity, degree of saturation, and hydraulic gradients. A simple 
method for estimating the field time to peak leachate concentrations is as 
follows: 

TJL 
fp=--

if 
(D-1) 

where 

tP =time to peak concentrations at bottom of a CDF, years 

1~ =pore volumes eluted to reach peak in laboratory leaching column 

L =depth of fill in CDF, m 

v1 =annual average pore water velocity in CDF, m/year 

To use Equation F 1, an estimate of the annual average pore water velocity is 
needed. In some cases, the annual average pore water velocity is approximated 
by the hydraulic conductivity of the dredged material. Better estimates can be 
obtained by modeling water movement in the CDF. The Hydrologic Evaluation 
of Leachate Production and Quality (HELPQ) model http://www.wes.army.mil/ 
el/elmodels/index.html#addams is applicable for some CDFs. Full groundwater 
modeling using the GMS is an alternative but requires allocation of substantial 
resources for model calibration. 

In addition to modeling water movement, contaminant transport can be 
modeled using the HELPQ or other groundwater and multi-media models. 
Contaminant transport modeling usually requires more than estimates of peak 
contaminant concentrations and pore volumes or time to peak concentrations. A 
mathematical formulation of the source term (Equation l in Myers, Brannon, and 
Tardy (1996) is required. Interim fo1mulations for the source term are discussed 
in detail in Myers, Brannon, and Tardy (1996) http://www.wes.army.mil/el/dots/ 
pdfsltrd96 J. pdf 
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Appendix E 
Evaluation of Mixing in Surface 
Waters 

E.1 Introduction 

This appendix presents a variety of techniques for evaluating the size of 
mixing zones for effluent and surface runoff discharges from confined disposal 
facilities (CDFs) to surface water. Discussions of the applicability and 
limitations of the techniques and procedures for performing the required 
calculations or applying the models are presented. 

E.1.1 Background 

Whenever contaminant concentrations in a dredged material discharge are 
above WQS, there will be some limited initial mixing zone (or zone of dilution) 
in the vicinity of the discharge point where receiving WQS (WQS) may be 
exceeded. It is not possible to set universal standards for the acceptable size of 
mixing zones since receiving water conditions vary so much from one location to 
another. The 404(b)(l) Guidelines (U.S. Army Engineer Waterways Experiment 
Statin (USAEWES 1976)) therefore instruct that, as part of the dredging permit 
process, the size of any proposed mixing zone should be estimated and submitted 
to the permitting authority. The permitting authority must then consider 
receiving water conditions at the proposed site and decide if the proposed 
mixing-zone size is acceptable. 

Many state regulatory agencies may specify a limit to mixing-zone dimen
sions as a condition in granting the State water quality certification. In this case, 
the mixing zone necessary to meet applicable standards must not exceed the 
specified limits. 

The size of a mixing zone depends on a number of factors including the con
taminant or dredged material concentrations in the discharge, concentrations in 
the receiving water, the applicable WQS, discharge density and flow rate, receiv
ing water flow rate and turbulence, and the geometry of the discharge vessel, 
pipeline, or outlet structure and the receiving water boundaries. Since the maxi
mum allowable mixing zone specified by regulatory agencies is usually on the 
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order of hundreds of meters, the evaluation of mixing-zone sizes must 
necessarily be based on calculation of near-field dilution and dispersion 
processes. 

There are a variety of possible estimation techniques for most real mixing
zone problems, but any choice of a suitable technique involves some trade-offs. 
The available techniques may be thought of as ranging from sophisticated 
computer models, which are sometimes capable of very accurate predictions, to 
simple approximations that yield order-of-magnitude estimates. The most 
sophisticated models may not run on a microcomputer, and they may require a 
considerable amount of effort and measured data for calibration of the model to a 
single site. By contrast, the simplest of approximations may be made on the 
basis of several simplifying assumptions and hand calculations. 

E.1.2 Regulatory considerations 

Any evaluation of potential water column effects from effluent surface 
runoff discharges from CDFs should consider the effects of mixing. Section 
230.3(m) of the 404(b)(l) Guidelines (USAEWES 1976) defines the mixing 
zone as follows: 

The tenn "mixing zone" means a limited volume of water serving as a 
zone of initial dilution in the immediate vicinity of the discharge point 
where receiving water quality may not meet quality standards or other 
requirements otherwise applicable to the receiving water. The mixing 
zone should be considered as a place where wastes and water mix and 
not as a place where wastes are treated. 

Further, Section 230. l 1 (f) (USAEWES 1976) requires that: 

The mixing zone shall be confined to the smallest practicable zone within 
each specified disposal site that is consistent with the type of dispersion 
determined to be approp1iate by the application of these Guidelines. In a few 
special cases under unique environmental conditions, where there is adequate 
justification to show that widespread dispersion by natural means will result in 
no significantly adverse environmental effects, the discharged material may be 
intended to be spread naturally in a very thin layer over a large area rather than 
be contained within the disposal site. 

E.1.3 Potential applications of initial mixing 

There are three potential applications of initial mixing evaluations: 

a. Screening calculations under Tier II for water quality evaluations. 

b. Evaluation of contaminant concentrations by comparison of discharge 
concentrations with WQS after allowance for mixing under Tier III. 
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c. Evaluation of concentrations of suspended plus dissolved constituents by 
comparison with toxicity test results after allowance for mixing under 
Tier III. 

E.1.4 Evaluation of dissolved contaminant concentrations by 
comparison with WQS 

If necessary, the potential for water quality effects may be evaluated by 
comparison of predicted contaminant concentrations, as determined by screens 
or laboratory tests, with the WQS, considering the effects of mixing. The mixing 
evaluation need only be made for the contaminant requiring the greatest dilution 
to meet its WQS. The key information de1ived from the model is the maximum 
dissolved concentration of the contaminant at the boundary of the mixing zone. 
This concentration is compared to the applicable WQS. See Section 2.3.2, Chap
ter 2, maintext, for additional discussion of applicable WQS. 

E.1.5 Evaluation of concentrations of suspended plus dissolved 
constituents by comparison with toxicity test results 

The potential water column toxicity of the discharge material may be 
determined with toxicity tests evaluated in consideration of mixing. In this case, 
the dilution of the discharge expressed as a percent of the initial volume of 
disposed fluid in a given volume of water column is calculated. The key 
parameters derived from the evaluation are the maximum concentration of the 
discharge in the water column at the boundary of the mixing zone. These 
concentrations are compared to toxicity endpoints such as LC50 or EC50 as 
determined by toxicity tests. 

E.1.6 Physical characteristics of dredged material discharges 

Discharges of effluent or runoff from CDFs can be introduced to the 
receiving waters in a variety of ways including direct pipeline outfalls or open 
channels. For purposes of evaluation of initial mixing, barges or hopper dredge 
discharges are discrete discharges, while direct discharges of effluent, runoff, or 
leachate to surface water should be considered continuous discharges. 

E.1.7 Confined disposal facility (CDF) effluent discharge 

Dredged material, hydraulically placed in a confined disposal area, settles 
into a thickened deposit of material overlaid by a clarified supernatant. The 
supernatant waters are discharged from the site as effluent during active dredg
ing operations. The effluent may contain both dissolved contaminants and 
suspended colloidal particles with associated (adsorbed or held by ion exchange) 
contaminants. Supernatant waters from confined disposal sites are discharged 
after a retention time of up to several days. Furthermore, actual withdrawal of 
the supernatant is governed by the hydraulic characteristics of the ponded area 
and the discharge weir. The effluent suspended solids concentration is typically 
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less than l 00 mg/L for sediments dredged from estuarine environments and less 
than a few grams per liter for sediments dredged from freshwater environments. 
Since effluent is normally discharged from a hydraulically filled CDP over a 
time period of weeks while dredged material is being disposed in the CDP, 
the discharge can be assumed continuous for purposes of mixing-zone 
calculation. 

E.1.8 Surface runoff discharge 

Runoff flowrnte from a CDP is a function of the site conditions prior to a 
precipitation event, the intensity and duration of the precipitation event, and the 
degree to which water is controlled by ponding during and immediately 
following the precipitation event. Discharges of surface runoff normally occur 
over a period of days following an event. However, in northern latitudes here 
may be no runoff for long periods during freezing temperatures, followed by 
high runoff over a relatively short period during thawing. 

E.2 Applicability of Models and Techniques 

E.2.1 General considerations 

General considerations for applicability of models for a variety of 
discharges, including discrete barge and hopper discharges, are discussed in the 
Inland Testing Manual (ITM). Only those considerations applicable to CDP 
discharges are discussed here. 

E.2.2 Considerations for tidally influenced rivers and estuaries 

The assumptions necessary for evaluation of mixing are more difficult to 
satisfy in estuaries and the tidally influenced portions of rivers. The assumption 
that velocities in the water body near the mixing zone can be represented by a 
single mean velocity parallel to the bank is usually a reasonable one in the 
nontidally influenced portion of a river. However, it is not always acceptable in 
estuaries. Typically the downstream section of an estuary exhibits horizontal 
circulation patterns, so that the horizontal water velocity and direction vary with 
distance parallel to the bank, distance perpendicular to the bank, and time. 
Under these conditions, water near the mixing zone may not always travel 
parallel to the bank. Therefore, simple mixing-zone equations may not be 
applicable to the wide, open low-velocity sections of estuaries. 

Also, mixing-zone equations are not theoretically applicable as the mean 
velocity tends to zero. This is because the equations are dependent upon the 
process of advection, which does not exist in the absence of a flow velocity, and 
also because the primary source of dispersion is assumed to be the turbulence 
caused by the horizontal movement of water. However, in a real water body, as 
the velocity tends to zero, the primary sources of turbulence and dispersion are 
the wind and waves. 
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The rate of change of water velocity resulting from tidal effects can also 
cause problems. The time taken for material to travel the length of the mixing 
zone should be an order of magnitude smaller than the time taken for a 
l 0-percent change in the mean water velocity. It may be possible to satisfy this 
condition in a river, but it will probably not be possible to do so in most estuaries 
during a significant p01tion of the tidal cycle. 

Another potential difficulty in estuaries is the phenomenon of stratification. 
Estuaiies with low water velocities sometimes have a layer of relatively fresh 
water near the surface with a much more saline denser layer of water near the 
bottom and with quite a distinct interface between the two layers. The abrupt 
change of density at the interface tends to inhibit vertical mixing through the 
entire depth of the water column. 

E.2.3 Recommended models and techniques 

Several models and approaches for evaluation of initial mixing for CDF 
discharges are provided in this appendix. Table E-1 provides a summary of the 
characteristics of the various types of dredged material discharges, 
hydrodynamic environments, and the models recommended for use in evaluation 
of initial mixing for those conditions. Descriptions of each of the models and 
details on applying the models are provided in the following sections of this 
appendix. 

Table E-1 
Summary of Hydrodynamic Conditions and Applicable Models for 
CDF Effluent and Surface Runoff Discharges 

Model Hydrodynamics Section Conditions 

Dilution Volume Steady Uniform General 

Macintyre Steady Uniform C4.0 Riverine 

CORMIX1 Steady Uniform C3.0 

TABS2 Unsteady Nonuniform C5.0 
Tidally influenced Rivers 
and Estuaries 

1 CD-CORM IX has not been developed and verified for national application. However, the 
fundamental processes contained in CD-CORM IX are applicable for continuous pipeline 
discharges and this model is currently under investigation for future use. 
2 TABS has not been developed and verified for national application for the indicated discharges. 
However, the fundamental far-field processes contained in TABS are applicable for the indicated 
discharges and this model can be adapted for use on a regional basis. Note that the TABS model 
computes far-field effects only. Some independent near-field analysis is usually required. 

E.3 Cornell Mixing Zone Expert System (CORMIX) 

The Cornell Mixing Zone Expert System (CORMIX) is a steady state three
dimensional (3-D) model (Donekar and Jirka 1990). CORMIX was developed to 
predict the dilution and trajectory of a submerged single port discharge of 
arbitrary density (positive, neutral, or negative) into a stratified or uniform
density ambient environment with or without cross-flow. CORMIX is an 
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integral model that accounts for most near-field and some far-field steady state 
dynamics. CORMIX is presently designed for use in shallow water systems 
where the jet mixing processes are expected to encounter bottom boundary 
interaction. CORMIX is capable of representing negatively buoyant plume 
dynamics through application of mirroring principles; however, the present 
version does not include sediment settling and deposition. 

The current version of the CORMIX model requires some modifications to 
extend its capabilities to simulate the characteristics of dredged material 
discharges. Efforts are underway for adaptations of the CORMIX model for 
simulating the mixing hydrodynamics of several types of dredged mate1ial 
discharges. When these efforts are completed, the revised CORMIX model will 
be included in subsequent revisions of this appendix. 1 

E.4 Macintyre Analytical Method for CDF 
Discharge in Riverine Conditions 

E.4.1 Introduction 

This section presents a simplified approach that is applicable to relatively 
shallow confined riverine water bodies. The method involves a simplistic two
dimensional (2-D) calculation based on dispersion principles (Macintyre 1987). 
If the mixing-zone size as calculated using simple approximations is within 
mixing-zone guidelines specified by regulatmy agencies, more precise 
calculations may not be necessary. The mixing-zone calculations depend on a 
number of assumptions that are difficult to satisfy for estuaries and the tidally 
influenced portions ofrivers. The difficulties are discussed after the presenta
tion of the procedure to be used for a riverine environment. 

The analytical solution technique for calculating mixing-zone size described 
in this section is based on theoretical and empirical relationships for dispersion 
as summarized by Fischer et al. (1979). Only equations for calculating mixing
zone size resulting from a single-point discharge are presented. 

A schematic illustrating a typical single-source effluent discharging into a 
receiving water body is shown in Figure E-1. For such a condition, the mixing
zone length extends downstream and the body of the mixing zone remains close 
to the shoreline of the receiving water body. 

1 The latesl release ofCORMIX (Version 2.10) can be obtained withoul charge from 
U.S. EPA Office of Research and Development, Center for Exposure Assessment 
Modeling (CEAM), Athens Environmental Research Laboratory, 960 College Station 
Road, Athens, Georgia 30605-2720. CORMIX can be either downloaded from CEAM's 
on-line Bulletin Board System by calling 1-706-546-3402 (FTS 250 3402), or sent 
through the mail by sending user-supplied diskettes or 9-track magnetic tapes to the 
CEAM Model Distribution Coordinator at the above address. User documentation is also 
available from the same source. 
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Figure E-1. Schematic of typical single-source effluent discharging into a receiving water 
body with unidirectional flow 

E.4.2 Data requirements 

The following data are required for evaluating mixing-zone sizes for 
confined disposal area effluents: 

a. Effluent concentrations at the point of discharge and receiving water 
background concentrations for all contaminants of concern. 

b. WQS applicable at the limit of the allowable mixing zone for all 
contaminants of concern. 

c. Depth, cross-sectional area, and cunent velocity of the receiving water 
body dming expected low flow conditions during the period of dredging. 

d. Effluent volumetric flow rate. 

E.4.3 Calculation procedure 

a. Step 1. Verify that the assumptions on which the equations depend are 
reasonable for conditions at the proposed discharge site. 

b. Step 2. Use effluent, receiving water, and WQS concentrations of all 
contaminants of concern to identify the critical contaminant. The critical 
contaminant is the one that requires the greatest dilution, which will 
define the boundary of the mixing zone. If mixing evaluations are 
conducted for toxicity test results, the background concentration of 
dredged material is assumed to be zero and the percentages of dredged 
material are used to calculate the required dilution. 

c. Step 3. Use receiving-water depth and velocity data to calculate a lateral 
mixing coefficient. This coefficient is a measure of how rapidly the 
effluent is dispersed through the receiving water. 
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d. Step 4. Calculate mixing-zone length. 

e. Step 5. Check assumptions that depend on mixing-zone length. 

f Step 6. Calculate the maximum width of the mixing zone. 

Step 1 - Assumptions. [n order to apply the analytical solution described in 
this section, the following assumptions are required: 

a. No major change in cross-sectional shape, sharp bends, major inflows or 
outflows, or obstrnctions to flow exist in the receiving water body in 
proximity to the mixing zone. 

b. The receiving water body can be reasonably approximated by a shallow 
rectangular cross section. 

c. The confined disposal area effluent enters the receiving water as a point 
source at the bank with negligible horizontal momentum. 

d. Differences in density between the effluent and receiving water and in 
settling rates of suspended particles within the boundary of the mixing 
zone are negligible. 

e. The flow condition in the vicinity of the mixing zone can be 
approximated as a steady-state velocity flowing parallel to the bank of 
the receiving water. 

f The major cause of dispersion in the receiving water body is the tur
bulence and shear flow associated with the horizontal water flow. 

g. The effluent plume is vertically well mixed, so that contaminant concen
trations do not vary significantly with depth. 

h. The width of the effluent plume is small enough that its lateral 
dispersion is not restricted by the opposite bank of the receiving water 
body. 

Step 2 - Identify critical contaminant. It is necessary to calculate the 
dilution required within the mixing zone in order to reach applicable WQS for all 
contaminants of concern. This requires an estimate of the effluent 
concentrations ofregulated contaminants. The contaminant that requires the 
greatest amount of dilution should be calculated as described in Chapter 4, 
Section 4.3.l, of the main text. 

The maximum boundary of the mixing zone will be defined as the isopleth 
(line of constant concentration) where the concentration of the most critical 
contaminant is reduced to the concentration specified by the appropriate WQS. 
[t should be noted that if background concentrations exceed the WQS, the 
concept of a mixing zone is inapplicable. 

Appendix E Evaluation of Mixing in Surface Waters 

ED_013073_00000029-00228 



This approach for calculating required dilution is not applicable to turbidity 
(an optical property of water), which is reduced in a nonlinear fashion by 
dilution. A conelation curve for total suspended solids (TSS) versus turbidity 
may be used to define the TSS concentration conesponding to the WQS for 
turbidity. Such conelation curves will need to be empirically determined for 
each discharge. 

Step 3 - Estimate of lateral mixing coefficient. 

a. Step 3.1. The depth of a simplified rectangular cross section for the 
receiving water body should be calculated as follows: 

A 
d=-w 

where 

d = average depth of the receiving water body channel, m 

A = cross-sectional area of the channel, m2 

W = surface width of the channel, m 

(E-1) 

Check to ensure that W is equal to or greater than l 0 times the average depth 
d. If not, the estimate of a lateral mixing coefficient is likely to be inadequate. 

b. Step 3.2. Estimate the shear velocity by one of the following methods. 
In rivers where the mean channel slope is known, use: 

u*=Jidi (E-2) 

In rivers where the channel slope is not known, use: 

u *=0.1 u (E-3) 

where 

u* =shear velocity in receiving water, m/sec-' 

g =gravitational acceleration, 9.81 m/sec-2 

d = average channel depth, m 

S = slope of river bed (dimensionless) 

u = average of instantaneous velocities across the channel cross section, 
m/sec-1

• 

If the flow rate of the receiving water is known, ii can be calculated as the 
flow rate divided by the channel cross-sectional area. If the receiving-water flow 
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rate is not known, ii must be dete1mined from velocity measurements taken at the 
proposed site. It should be noted that ii should not be determined over a period 
of time during which velocity changes occur as a result of changes in the 
receiving-water flow rate. 

c. Step 3. 3. Estimate the lateral mixing coefficient by using one of the 
following equations. 

In rivers: Et= 0.3 du* (E-4) 

In estuaries: Et= 0.4 du* (E-5) 

where 

Et =lateral mixing coefficient, m2/sec-1 

d = average channel depth, m 

u* = shear velocity, m/sec-1 

The values of lateral mixing coefficient are derived from Fischer et al. 
(1979) and are based on experimental studies of dispersion in various rivers. 
Lateral mixing coefficients have been shown to vary widely from one location to 
another, and the above equations give the lowest reasonable values so that 
estimates of mixing zone size will be conservative. 

Step 4 - Estimate mixing-zone length. If the assumptions presented earlier 
are valid, the mixing zone will have a shape similar to the one shown in 
Figure E-1. The length of the mixing zone (measured parallel to the bank) can be 
estimated as: 

(E-6) 

where 

L = mixing zone length, m 

Qe =effluent volumetric discharge rate, m3 /sec-1 

Step 5 - Check length-dependent assumptions. 

a. Step 5.1. The flow in the water body near the mixing zone can be treated 
as a steady-state flow as long as: 

L 
UTc ::::::--
10 

where 

(E-7) 
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L = predicted mixing zone length, m 

u = cross-sectional average velocity (instantaneous or averaged over a few 
minutes), m/sec-1 

1~ =time taken for the observed value of ii to change by 10 percent, in 
seconds 

b. Step 5.2. The lateral dispersion of the effluent plume will not be 
restricted by opposite bank of the receiving water body as long as: 

where Wis surface width of receiving water channel, m. 

(E-8) 

c. Step 6 - Estimate maximum width of mixing zone. The maximum width 
of the mixing zone (measured perpendicular to the bank as shown in 
Figure E-1 can be estimated as: 

Y = 0.4840QeCe 

u(Cs-Cb)d 

where Y is maximum width of the mixing zone, m. 

E.4.4 Example mixing-zone calculation 

(E-9) 

Following is a hypothetical mixing-zone calculation designed to illustrate the 
use of the mixing-zone estimation equations. A proposed dredged material 
containment area is expected to discharge into a river 480 ft (146.3 m) wide. 
From a study of U.S. Geological Survey stream gage records, it is anticipated 
that while effluent will be discharged, the lowest river flow will be about 
7,600 ft3/sec (212.8 m3/sec) and that the iiver has a cross-sectional area of 
4,000 ft2 (371.6 m2

) at this flow rate. The local bed slope of the river is very 
variable because of sediment transport. The containment area is expected to 
have a peak discharge of 15 cfs. The only effluent contaminant that exceeds 
WQS will be cadmium, which is expected to have an effluent concentration of 
3.5 ug/L. The background concentration of cadmium in the river is below the 
detection limit of 0.1 ug/L, and the applicable cadmium WQS is 0.25 ug/L. It 
has been specified that the maximum acceptable mixing-zone size is a 750-ft 
(228.6-m) radius centered on the effluent outfall. 

Step 1 - Assumptions. Since the purpose of this hypothetical problem is to 
demonstrate the use of the mixing-zone calculations, it has been defined so that 
all the assumptions on which the calculations depend are valid. Decisions on 
whether the assumptions are valid depend largely on the professional judgement 
of personnel familiar with the disposal site. 
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Step 2 - Identify critical contaminant. Cadmium is the only effluent 
contaminant that exceeds WQS for this example. [tis therefore unnecessary to 
determine the critical contaminant. 

Step 3 - Estimate lateral mixing coefficient. 

a. Step 3.1. From the problem statements, 

A= 4,000ft 2 (371.6m2) 

W = 480ft (146.3m) 

Calculate depth, 

A 
d=-

w 

d = 37l.6m2 = 2.54m 
l46.3m 

Check that W 'ls greater than or equal to 10 d . It is. 

b. Step 3.2. Since the local bed slope can vary because of sediment 
transport, the shear velocity should be estimated from the mean velocity. 
Calculate the mean velocity by dividing the river flow of7,600 ft3 /sec 
(212.8 m3/sec) by the cross-sectional area of 4,000 ft2 (371.6 m2): 

- 7,600cfe ( ) 
u = · 2 = 1.90 ft /sec-\0.579m I sec-1 

4,000ft 

and calculate the shear velocity of the receiving waters as follows: 

-

u* = 0.1 u 

u* = 0.1 (o.579m/sec-1 )=0.0579m/sec-1 

c. Step 3.3. In rivers, the lateral mixing coefficient should be estimated as: 

Et = 0.3du * 

Et = 0.3 (2.54 m )(o.0579 m /sec-1
) 

Step 4 - Estimate mixing-zone length. Estimate using the problem 
statements: 

Appendix E Evaluation of Mixing in Surface Waters 

ED_013073_00000029-00232 



In order to be environmentally protective, it would be wise to assume that 
the background concentration is only just under the detection limit, rather than 
zero. Therefore use: 

Calculate mixing-zone length: 

L ~ [ n(0.0441 m' I sec 1, )(0.579 mlscc-') l 
{ 

(0.425m
2
/sec)(3.5xl0-

3
mg!L)} 

[(2.5-1.0) x l0 4 mg/L ](2.54m) 

L = 190 m (623 ft) 

Step 5 - Check length-dependent assumptions. 

a. Step 5.1. Verify that the flow of the water body near the mixing zone 
can be treated as a steady state flow. 

l 
UTc 

,~--

IO 

therefore: 

JOL 
Tc2-=

u 

" > 10(190 m) 
I c- I 

0.579 ml sec-

Tc 2 3,280sec (55 min) 

This is acceptable since the river flow will certainly not change by I 0 per
cent in less than 1 hr. 
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b. Step 5.2: 

8(0.044lm 2 I sec 1 )(190 m) 
W'?. 

(0.579rn/sec-1
) 

W?..10.8m 

This condition is amply satisfied since W equals 146 m. 

Step 6 - Estimate maximum width of mixing zone. Estimate the 
maximum mixing zone width as: 

Y _ 0.484 QeCe 

u(Cs-Cb)d 

0.484( 0.425rn3 /sec-1 )(3.5x10-3 rng/L) 
Y=~~~~~~~~~~~~~~~~-

0.579m/sec 1 
[ (2.5 - l .0) x 10 4 mg/L ](2.54rn) 

Y = 3.3rn(10.7 ft) 

Since the mixing zone is predicted to have a length of 623 ft (190 m) and a 
maximum width of 10.7 ft (3.3 m), it is within the allowable limits of 750 ft 
(228.6 m) from the effluent outfall. 

E.5 Fasttabs Modeling System for Evaluation of 
Hydrodynamic Transport 

Rivers, reservoirs, and estuaries have been modeled for a number of years 
using the USACE TABS numerical modeling system. TABS is a family of 2-D 
numerical models that can simulate hydrodynamic, sediment, and constituent 
transport processes in these water bodies. TABS has been used to simulate far
field dispersion of instantaneous and continuous dredged material discharges. 
Some independent near-field analysis is usually required. TABS can handle 
complex geometries and unsteady flow conditions. Either paiticulate or 
dissolved phases of dredged material can be modeled. 

The TABS system consists of many separate programs that individually 
address different aspects of the modeling process (Thomas and McAnally 1990). 
These include mesh development, geometry input file generation, boundary 
condition definition, hydrodynamic input file generation, job status monitoring, 
and post-processing of the results. 
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A new graphical implementation of TABS (FastTABS) (Lin, Jones, and 
Richards 1991) has been developed that successfully addresses the need for 
efficient model setup, execution, and analysis. It is mouse driven with pull-down 
menus and requires a minimum of manual data entry to complete an application 
from stait to finish. FastTABS was designed to allow easy application of each of 
the models in the TABS system which include hydrodynamics, constituent, and 
sediment transport. The FastTABS software rnns on Macintosh and DOS-based 
personal computers as well as most UNIX workstations. A primer, user's 
manual, and tut01ial are available. 1 

E.6 Dilution Volume Method for CDF Effluent 
Discharges 

E.6.1 Approach 

A simplified approach to evaluation of mixing zones for CDF effluent dis
charges is presented in this section in which the volume of water required for 
dilution is expressed as a rate of flow (USAEWES 1976). This approach is 
generally applicable in both riverine and estuarine conditions. However, the 
approach should only be applied where there is a discrete discharge source such 
as a conduit or a weir. Since the effluent discharge will occur at a specified rate 
VP, the volume of ambient site water per unit time that would be required to 
dilute the discharge to acceptable levels can be defined as: 

(E-10) 

where 

VA = volume of site water/unit time required for dilution, cfs 

VP = rate of effluent discharge, cfs 

Ce = concentration of the contaminant in the effluent in ug/L 

Clia = background concentration of the contaminant in the disposal site 
water in ug/L 

C WQ = applicable WQS for the contaminant in ug/L 

It is assumed that the mixing zone associated with an effluent discharge will 
resemble the shape in Figure E-2. Therefore, once the required volume per unit 

1 A limited government license allows USACE office use of the FastTABS software 
supplied through the USA CE Waterways Experiment Station (WES). Other users may 
obtain the software from Brigham Young University, (801)-378-5713. The point of 
contact for additional information is: Dr. David R. Richards, USACE Waterways 
Experiment Slalion, 3909 Halls Ferry Road, Vicksburg, MS 39180-6199, (601) 
634-2126. 
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time has been calculated, the next step is to determine the dimensions of the 
m1xmg zone. 

Figure E-2. Simplified shape assumed for mixing zone associated with an effluent discharge 

E16 

The required volume per unit time can also be expressed as: 

(E-11) 

where 

VA = required volume of water per unit time, cfs 

L = width of mixing zone at time t, ft 

d =depth, ft 

Viv =velocity of water at disposal site, ft/sec 

Since the depth and water velocity are known or can be measured, the width 
of the front edge of the mixing zone can be calculated as: 

(E-12) 

Based on Brooks (1960) and Johnson and Boyd (1975), the time required for 
the front edge of the mixing zone to spread laterally to the required width L can 
be computed from: 

t =.!_(0.094 L213 -0.149 r 313
) 

A 
(E-13) 

Appendix E Evaluation of Mixing in Surface Waters 

ED_013073_00000029-00236 



where 

t = required time for lateral spreading, sec 

L = necessary width of the front edge of mixing zone, ft 

r = one-half initial width of the plume at point of discharge (radius of 
initial surface mixing), ft 

? = turbulent dissipation parameter 

Values for? range from 0.00015 to 0.005 with a value of 0.005 being appro
priate in a dynamic environment such as an estuary (Brandsma and Divoky 
1976). As discussed earlier, values for r will be influenced by the method of 
disposal and will be site specific. 

The calculated time can then be used to detennine the longitudinal distance 
the discharge will travel as it is spreading to the required width. This distance 
can be computed from: 

(E-14) 

where 

X = longitudinal movement of discharge, ft 

Vw =velocity of water at disposal site, ft/sec 

t = necessary time of travel, sec 

The results of the previous equations can then be combined to estimate the 
projected surface area of the proposed discharge. This area can be computed as: 

L +2r 
A= X 

2 
(E-15) 

where 

A = surface area, ft2 

L = width of front edge of mixing zone, ft 

r = radius of initial surface mixing, ft 

X = length of the mixing zone, ft 

This approach will characterize a proposed discharge by defining the volume 
of dilution water per unit time that will be required to achieve some acceptable 
concentration at the edge of the mixing zone. Also, the length and width (and 
hence the surface area) of the necessary mixing zone will be approximated. 
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E.6.2 Sample computations 

The following computations are presented to illustrate the dilution volume 
method for a continuous effluent discharge. 

The following input values are used in the sample computations: 

Volume of effluent discharge per unit time VP 

Turbulent dissipation parameter ? 

Water column depth d 

Water velocity Vw 

Initial width of plume 2r 

Background concentration C~a 

Effluent discharge concentration Ce 

Applicable WQS, CwQ 

The required volume per unit time will be: 

(
30-0.5) ·; V = V D = 44 = 3 245 cu jt sec 

A p 0. 5 - 0. J ' 

The required width of the mixing zone will be: 

L=~= 3,245 -649 ft 
d Vw (/0)(0.5) 

= 44 cu ft/sec 

= 0.005 

= 10 ft 

= 0.5 ft/sec 

= 30 ft 

= O.l mg/L 

= 30 mgiL 

= 0.5 mg/L 

The time required to achieve the lateral spread L will be: 

t= -
1

-[(0.094)(649 //3 -(0.149)(15 //3
] = l,228sec 

0.005 

The length of the mixing zone will be: 

X=(0.5 ftlsec)(l,228sec)=614 ft 

Thus the proposed mixing zone would have dimensions of: 

(
30 + 6491 

Surface area = 
2 

) 614 = 208, 453 sq ft 

Maximum dimensions = 614 ft by 649 Ji 

(E-16) 

(E-17) 

(E-18) 

(E-19) 

(E-20) 
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This information would be used in considering the compatibility of the size 
of the mixing zone required to dilute the discharge with the available mixing 
zone. 

E. 7 References 

Ariathurai, R., MacArthur, R. C., and Krone, R. B. (1977). "Mathematical 
model of estuarial sediment transport," Technical Report D-77-12, 
U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS. 

Bokuniewicz, H. J., Gebert, J., Gordon, R. B., Higgins, J. L., Kaminsky, P., 
Pilbeam, C. C., Reed, M., and Tuttle, C. (1978). "Field study of the 
mechanics of the placement of dredged material at open-water disposal 
sites," Technical Report D-78-7, U.S. Anny Engineer Waterways 
Experiment Station, Vicksburg, MS. 

Bowers, G. W., and Goldenblatt, M. K. (l 978). "Calibration of a predictive 
model for instantaneously discharged dredged material," EPA-699/3-78-089, 
U.S. Environmental Protection Agency, Corvallis, OR. 

Brandsma, M. G., and Divoky, D. J. (1976). "Development of models for 
prediction of short-te1m fate of dredged material discharged in the estuarine 
environment," Contract Report D-76-5, DACW39-74-C-0075, prepared by 
Tetra Tech, Inc., under contract to U.S. A1my Engineer Waterways 
Experiment Station, Vicksburg, MS. 

Brandsma, M. G., and Sauer, T. C., Jr. (1983). "Mud discharge model: Report 
and user's guide," Exxon Production Research Co., Houston, TX. 

Brooks, N. H. (1960). "Diffusion of sewage effluent in an ocean current." 
Proceedings ofFirst International Conference on Waste Disposal in the 
Marine Environment. Pergamon Press, New York, NY. 

Buhler, J., and Hauenstein, W. (1981). "Axismetric jets in a crossflow." 19th 
Congress of the International Association of Hydraulic Research. 
New Delhi, India, February 1-8, 1981. 

Donekar, R. L., and Jirka, G. H. (1990). Expert ,))'stem for Hydrodynamic 
Mixing Zone Analysis of Conventional and Toxic Submerged Singe Port 
Discharges (CORMIXJ), PA/600/3-90/012, U.S. Environmental Protection 
Agency, Washington, DC. 

Fischer, H. R., List, E. J., Koh, R. C. Y., [mberger, J., Brooks, N. H. (1979). 
Mixing in Inland and Coastal Waters. Academic Press, [nc., New York, NY. 

Gowda, T. P.H. (1984a). "Critical point method for mixing zones in rivers," 
J Environ. Engineer., Am. Soc. Civil Engineers 110, 244-262. 

Appendix E Evaluation of Mixing in Surface Waters 

ED_013073_00000029-00239 

E19 



E20 

Gowda, T. P.H. (1984b). "Water quality prediction in mixing zones of rivers," 
J Environ. Engineer., Am. Soc. Civil Engineers 110, 751-769. 

Jirka, G. H., Stalzenbach, K. D., and Adams, E. E. (1981). "Buoyant surface 
jets," J Hydraul. Engineer. Am. Soc. Civil Engineers 107, l,467-1,487. 

Johnson, B. H. (l 990). "User's guide for models of dredged material disposal in 
open water," Technical Report D-90-5, U.S. Army Engineer Waterways 
Experiment Station, Vicksburg, MS. 

Johnson, B., and Boyd, M. B. (1975). "Mixing zone estimate for interior guid
ance," Unpublished Memo., Mathematical Hydraulics Division, Hydraulics 
Laboratory, U.S. A1my Engineer Waterways Experiment Station, Vicksburg, 
MS. 

Johnson, B. H., McComas, D. N., McVan, D. C., and Trawle, M. J. (1993). 
"Development and verification of numerical models for predicting the initial 
fate of dredged material disposed in open water. Report 1, Physical model 
tests of dredged mate1ial disposal from a split-hull barge and a multiple bin 
vessel," Technical Report DRP-93-1, U.S. Army Engineer Waterways 
Experiment Station, Vicksburg, MS. 

King, I. P. (1992). "A finite element model for stratified flow-RMAIO-user's 
guide-Version 4.3," Report prepared by Resource Management Associates 
for U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS. 

Koh, R. C. Y., and Chang, Y. C. (1973). "Mathematical model for barged ocean 
disposal of waste," Environmental Protection Technology Series EPA 660/2-
73-029, U.S. Army Engineer Waterways Experiment Station, Vicksburg, 
MS. 

Kraus, N. C. (1991). "Mobile, Alabama, field data collection project, 
18 August-2 September 1989. Report 1, Dredged material plume survey data 
report," Technical Report DRP-91-3, U.S. Anny Engineer Waterways 
Experiment Station, Vicksburg, MS. 

Lin, H.J., Jones, N. L., and Richards, D. R. (1991 ). "A microcomputer-based 
system for two-dimensional flow modelling." Proceedings of the 1991 
National Conference on Hydraulic Engineering. American Society of Civil 
Engineers, Nashville, TN. 

Macintyre, D. F. (1987). "Interim procedures for estimating mixing zones for 
effluent from dredged material disposal sites,"Technical Note EEDP-04-5, 
U.S. Army Engineer Waterways Expe1iment Station, Vicksburg, MS. 

Motz, L. H., and Benedict, B. A. (1972). "Surface jet model for heated dis
charges," J Hydraul. Div., Am. Soc. Civil Engineers 98, 181-199. 

Prakash, A. (l 977). "Convective-dispersion in perennial streams," J Environ. 
Engineer., Am. Soc. Civil Engineers 103, 321-340. 

Appendix E Evaluation of Mixing in Surface Waters 

ED_013073_00000029-00240 



Schroeder, P.R., and Palermo, M. R. (1990). "Automated dredging and 
disposal alternatives management system, user's guide," Technical Note 
EEDP-06-12, U.S. Army Engineer Waterways Experiment Station, Vick
sburg, MS. 

Stefan, H., and Gulliver, J. S. (1978). "Effluent mixing zone in a shallow river," 
J Environ. Engineer., Am. Soc. Civil Engineers 104, 199-213. 

Thomas, W. A., and McAnally, W. H., Jr. (1990). "User's manual for the 
generalized computer program system: Open-channel flow and 
sedimentation, TABS-2," Instruction Report HL-85-1, U.S. Army Engineer 
Wate1ways Experiment Station, Vicksburg, MS. 

U.S. Army Engineer Waterways Experiment Station. (1976). "Ecological 
evaluation of proposed discharge of dredged or fill material into navigable 
waters, interim guidance for implementation of Section 404(b )( l) of Public 
Law 92-500 (Federal Water Pollution Control Act Amendments of 1972)," 
Miscellaneous Paper D-76-17, Vicksburg, MS. 

Wright, S. J. (1984). "Buoyant jets in density-stratified crossflow," J Hydraul. 
Engineer., Am. Soc. Civil Engineers 110, 643-656. 

Zeller, R. W., Hoopes, J. A., and Rohlich, G. A. ( 1971 ). "Heated surface jets in 
steady crosscun-ent," J Hydraul. Engineer., Am. Soc. Civil Engineers 97, 
1403-1426. 

Appendix E Evaluation of Mixing in Surface Waters 

ED_013073_00000029-00241 

E21 



Appendix F 
Laboratory Evaluation of 
Volatile Emissions and Volatile 
Dispersion Modeling 

F.1 Introduction 

This appendix provides procedures for conducting laboratory tests for the 
evaluation of volatile emissions from exposed sediments. The background, 
rationale, and tiered framework for application of these procedures are discussed 
in Chapter 7 of the main text of the Upland Testing Manual (UTM). Also 
provided in this appendix are equations for estimating on-site and off-site 
volatile contaminant exposure concentrations. 

This chapter contains two procedures: 

a. Laboratory volatile emission test procedure. 

b. Volatile exposure evaluation. 

F.2 Laboratory Volatile Emission Test Procedure 

Actual measurements of volatile contaminant of concern (COC) may be 
needed in order to detennine emissions under a variety of site environmental and 
operational conditions for which spreadsheet models described in Chapter 7 are 
not designed. Highest volatile COC concentrations tend to occur during initial 
loading or disposal stages (0-48 hr) of the sediment (Price et al. 1997, 1999; 
Ravikrishna et al. 1998; Valsaraj et al. 1999). The laboratory procedures 
described herein can be conducted to obtain data on the emission of volatile 
COC from dredged mate1ial. These data can be used in validated predictive 
volatile emissions models for dredged material. Actual volatile COC emissions 
from dredged material in place in a confined disposal facility (CDF) can be 
measured if there is a need to quantify emissions from CDF management 
procedures such as dredged material reworking. 
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The following laborat01y procedures describe methods for obtaining initial 
contaminant fluxes from exposed sediment. The procedure involves sampling 
air that has been passed over the sediment surface. Sediment is prepared and 
loaded into a chamber, herein referred to as a "flux" chamber, which is sealed, 
and air is then passed over the sediment for a prescribed period. The exit air is 
passed through contaminant-specific adsorbent-filled air sampling tubes that can 
be analyzed for volatile COC. 

F.2.1 Apparatus 

The following items are required: 

a. Flux chamber. 

b. Air supply of sufficient purity not to interfere with emissions data and 
with a means to control a constant flow rate. 

c. Laboratory air or compressed air from a cylinder may be used for 
pushing air over the sediment surface. 

d. A vacuum pump can also be used to pull air over the sediment surface. 

e. Flow meter used to determine air flow through the chamber with the 
ability to handle air flows of greater than 1 L/min. 

f Contaminant-specific air sampling tubes. 1 

g. Tygon tubing used to attach traps, supply air, and flow meter. 

F.2.2 Flux chamber 

Flux measurements are conducted using a chamber detailed in Figure F-1. 
The chamber is constructed of two pieces of anodized aluminum, which are 
sealed together with an o-ring and threaded fasteners to ensure an airtight seal. 
The bottom portion of the chamber is designed to hold a l 0-cm depth of 
sediment with a surface area of 375 cm2

. The upper portion is grooved to 
provide an air space above the sediment for air flow and is designed with 
channels to distribute air flow uniformly across the sediment surface. A glass 
window can be inserted in the top portion of the chamber to allow for visual 
monitoring of the sediment surface. 

1 Supelco Inc., PA, supplies a wide variety ofprepacked air sampling tubes. Table F-1 
gives a list of commonly analyzed volatile compounds and appropriate sampling tube. 

Appendix F Laboratory Evaluation of Volatile Emissions and Volatile Dispersion Modeling 

ED_013073_00000029-00243 



Air Exhaust 

~ 

GlassWiln<!ow 

. . . . . . : . . . . . . . 

Air Inlet 

/·:> 

·······•·.· .. :.:•·.········::.v;<{~ 

? 
/··.·.·· 

Figure F-1. Flux chamber for quantifying volatile emissions in a laboratory setting 

Table F1 
Contaminant-Specific Air Sampling Tubes Available through 
Supelco, Inc., Bellefonte, PA, and Accompanying Analytical 
Method 

Polychlorinated biphenyls XAD-2 Orbo-44 EPA Method 8081 

Polyaromatic Hydrocarbons XAD-2 Orbo-44 EPA Method 8270 

Total Recoverable Petroleum 
XAD-2 Orbo-44 EPA Method 8270 

Hydrocarbons 

Pesticides XAD-2 Orbo-44 EPA Method 8081 

Ammonia H2S04-coated silica gel Orbo-554 OSHA Method 6015 

Hydrogen Sulfide 
Treated activated 

Orbo-34 NIOSH Method 6013 
coconut charcoal 

Dimethyl Sulfides 
Carbosieve S-111 

Orbo-91 NIOSH Method 2542 
carbon 

Methyl Mercaptans 
Carbosieve S-111 

Orbo-91 NIOSH Method 2542 
carbon 

F.2.3 Sediment preparation 

Sediment core or grab samples collected from the proposed area of dredging 
should completely fill storage containers and be immediately refrigerated ( 4 ° C) 
following sampling to preserve sample integrity. Intact core samples, not 
removed to a storage container, should be immediately sealed and refrigerated. 
To ensure a representative sample, the sediment samples may be composited into 
one bulk sample or combined according to h01izontal or vertical stratification. 
Approximately 20 L of material is needed to perform bulk sediment chemical 
and physical characterization and volatile emissions testing. This volume can be 
more or less depending upon the number of COC. If COC are trapped on the 
same type of material only one chamber is needed to measure emissions, an 
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example being that of sampling for P AHs and PCBs. If other COC that require 
different sorbent traps are present, additional flux chambers will need to be used. 
All samples should be thoroughly homogenized before conducting bulk sediment 
analysis and volatile emissions testing. 

F.2.4 Laboratory conditions 

Testing can be conducted at laboratory ambient temperatures or the 
chambers can be placed in temperature controlled water baths to give colder or 
warmer sediment temperatures. 

F.2.5 Laboratory volatile emissions test procedure 1 

The step-by-step procedure for conducting volatiles emissions testing is 
outlined below: 

Step 1 - Loading flux chamber. Fill flux chamber with a known amount of 
sediment to the top of the sediment well (10 cm in height). Ensure that the 
sediment surface is as level as possible to promote laminar air flow over the 
surface. Seal the chamber using an o-ring and threaded fasteners. 

Step 2 - Trap attachment. Apply contaminant-specific air sampling tube 
to the exit port of the chamber. Sampling tubes can be arranged in a series to 
ensure capture of all contaminants if contaminant trap breakthrough is a 
possibility. If sediment is extremely wet and trap material retention capacity is 
affected by moisture, a moisture retention trap, such as a tube loaded with 
Drierite, can be added in-line prior to trap (Figure F-2). 

Step 3 - Carrier air application. If laboratory "house" air or compressed 
air is used, it should be passed through adsorbent traps to remove potential 
contaminants prior to use. Attach a flow meter to the air entrance port, followed 
by a line to compressed air supply (Figure F-2). If a vacuum pump is used to 
pull air over the sediment surface, first attach drier tube (if needed), followed by 
absorbent trap, flow meter, and then attach vacuum pump tube to exit side of 
flow meter. Pass or pull dry air over the sediment surface at a rate of 1. 7 L/min. 
(This will ensure maximum contaminant fluxes from the sediment). 

Step 4 - Sampling. The length of sampling and total sampling period will 
be dependent upon contaminant concentrations in the sediment. If 
concentrations are relatively low, a longer sampling interval (i.e., 24-hr 
continuous sample) may be necessary to ensure trap contaminant concentrations 
are above analytical detection limits. An example sampling regime used in 
previous laboratory investigations consisted of sampling at intervals of 6 hr, 24 
hr, 7 days, l 0 days, and 14 days. 

1 A sample laboratory schematic is shown in Figure F-2. 

Appendix F Laboratory Evaluation of Volatile Emissions and Volatile Dispersion Modeling 

ED_013073_00000029-00245 



Figure F-2. Laboratory sampling schematic 

Sampling can be conducted continuously by sampling for 6 hr or desired 
interval. The initial trap can then be removed and replaced with a second in 
order to collect another sample for 18 hr to give a 24-hr sample and so on. If the 
sediment sample has high contaminant concentrations, which can result in trap 
breakthrough, shortening sampling times can reduce the sampling period. 
Samples can then be taken for much shorter periods oftime (i.e., 1 or 2 hr) over 
a prescribed interval such as l week. During the exposure, air is continuously 
passed over the sediment with collection of air samples conducted daily for a 
prescribed time to determine contaminant concentrations being emitted from the 
sediment. 

Step 5 - Trap storage. Remove traps after each sampling interval, seal 
ends with provided seals, and refrigerate. Sample holding time will be 
dependent upon traps used. Commercially available air sampling tubes through 
Supelco Inc. have a holding time of 7 days (refrigerated). 

F.2.6 Data analysis 

Flux Determination. Contaminant flux [NA(t)J from the chamber is 
calculated by determining the total mass of material captured in a given time 
interval using the equation 

(F-1) 
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where 

Dm =mass (ng) of compound collected on the trap in time Dt (hr) 

Ac= area of the sediment-air interface, cm2 

NA(t) is expressed in ng/cm2/hr. 

An example of actual fluxes obtained from a contaminated dredged material 
is given in Figure F-3. These fluxes represent phenanthrene emissions over a 
17-day sampling period. Continuous sampling was conducted, meaning that a 
trap was attached to the chamber for the entire sampling period. The first five 
points on the graph represent samples of 6, 24, 72, 168, and 240 hr with 
corresponding sampling times of 6, 18, 48, 96, and 72 hr. This figure gives a 
representative pattern for organic compound (PCBs, PAHs) emissions from a 
contaminated dredged material. 

Nt~~ ······························~··········· 
:- 10 ···················································~···· 

cf : --~ .. ·····=···=t--~a---+--lllllHlllf---',•-···· 
0 100 200 

Time, hours 
300 400 

Figure F-3. Phenanthrene fluxes from a contaminated dredged material 

F .3 Volatile Exposure Evaluation 

F.3.1 Site exposure concentration 

To estimate the exposure concentration at the site: 

500 

a. A control volume of air overlying the site should be designated as a 
mixing volume for the contaminant flux. This control volume would 
extend over the entire area of volatilization locale to a height 
characteristic of worker exposure (typically, about 2 m or 6 ft) and its 
volume should be estimated in cubic meters. 

b. Next, the air residence time of the control volume for low, medium, and 
high wind speeds should be estimated by dividing the length of the site 
by the wind speed. 
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c. The contaminant mass emission should be computed for one residence 
time for the three wind speeds. The emission should be computed by 
first estimating the contaminant flux rate in mg/m2/s for the given locale 
and wind speed. 

d. The flux rate is then multiplied by the area of the locale in m2 to obtain 
the contaminant emission rate in mg/s. 

e. The emission rate is then multiplied by the residence time in seconds to 
obtain the contaminant emission in milligrams for one control volume of 
air. The contaminant site exposure concentration in mg/m3 or ug/L is 
then computed by dividing the contaminant emission for the three wind 
conditions by the control volume. The highest of the three site exposure 
concentrations is used for evaluations of air quality at the site. 

The contaminant exposure concentration is compared with the air quality 
standard to determine the acceptability of the volatile emission. If an air quality 
standard is not available, a health and safety standard in terms of an inhalation 
reference dose may be available. The reference dose in mg/kg/day can be con
verted to an air quality standard in ug/L by multiplying the dose by the weight of 
the receptor (person being protected) and dividing the result by the volume of air 
breathed by the receptor at the exposure point in a day considering the receptor's 
activity level. If the receptor were a worker, exposure might be limited to 9 hr 
per day while a nearby resident might be exposed 24 hr per day. 

F.3.2 Off-site exposure concentration 

To evaluate off-site air quality, the off-site exposure concentration is 
predicted using a Gaussian dispersion model for the same three wind conditions. 
The Gaussian dispersion equation given below describes a ground level source 
with no thermal or momentum flux. 

where 

C~. a.a = concentration of pollutants at coordinate x above background, 
mg/m3 

Q =emission rate of pollutants, mg/s 

(F-2) 

s Y =horizontal standard deviation of pollutant concentration along the 
centerline of plume at X distance, m 

s 2 = vertical standard deviation of pollutant concentration along the 
centerline of plume at X distance, m 

u =mean wind velocity, mis 
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The horizontal and vertical dispersion variables, s Y and s 2 , can be estimated 
as follows for the conservative neutral atmospheric stability condition: 

( 
x )0.894 

CTy = 68 --
1000 

[ ( 
x ) 0.725 l 

(J z = 33.2 1000 -1.7 

(F-3) 

(F-4) 

The Gaussian dispersion air quality model has been programmed and will be 
available through ADDAMS as the file Gaussian.html to run on Java-sc1ipt 
enabled browsers. 

The emission rate and contaminant concentration must be computed for each 
volatile contaminant. Based on the standard and background concentration, the 
required dispersion to achieve the standard can be computed for each contami
nant to determine which contaminant requires the greatest dispersion and is the 
contaminant of concern for volatilization. The required dispersion factor, D, is 
computed as follows: 

D= Co +cb-Cx 
Cx -Cb 

where 

(F-5) 

C0 = contaminant concentration above background at center of exposed area, mg/m3 

Cs = required contaminant concentration, mg/m3 

Cb = background contaminant concentration, mg/m3 
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Appendix G 
Animal Bioaccumulation Test 
Procedures 

G.1 Introduction 

This appendix provides detailed step-by-step procedures for conducting tests 
for evaluation of terrestrial animal bioaccumulation of contaminants. The 
background, rationale, and tiered framework for application of these tests are 
discussed in Chapter 8 of the main text of this Upland Testing Manual (UTM). 
Two test procedures are included in this appendix: 

a. Calculation of theoretical bioaccumulation potential for evaluation of 
potential terrestrial animal bioaccumulation of nonpolar organic 
contaminants. 

b. Quantitative test for bioaccumulation of contaminants by terrestrial 
animals as represented by the earthworm. 

G.2 Tier U - Theoretical Bioaccumulation Potential 
(TBP) Of Nonpolar Organic Chemicals 

The TBP is an approximation of the equilibrium concentration in tissues if 
the dredged material in question were the only source of contaminant to the 
organisms. The TBP calculation in Tier II is applied as a screen to calculate the 
magnitude ofbioaccumulation likely to be associated with nonpolar organic 
contaminants in the dredged mate1ial. 

Nonpolar organic chemicals include all organic compounds that do not 
dissociate or form ions. This includes the chlorinated hydrocarbon pesticides, 
many other halogenated hydrocarbons, PCBs, many PAHs including all the COC 
PAHs, dioxins, and furans. It does not include metals and metal compounds, 
organic acids or salts, or organometallic complexes such as tributyltin or methyl 
mercury. 
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The TBP calculation assumes that vaiious lipids in different organisms and 
organic carbon in different sediments are similar and have similar distributional 
properties. Other simplifying assumptions are that chemicals are freely 
exchanged between the sediments and tissues and that compounds behave 
conservatively. In reality, compound size and strncture may influence 
accumulation, and portions of organic compounds present on suspended 
particulates may have kinetic or strnctural barriers to availability. Another 
important assumption implicit in the TBP calculations is that there is no 
metabolic degradation or biotransformation of the chemical. Organic-carbon 
nonnalized contaminant concentrations are used such that the sediment
associated chemical can be characterized as totally bioavailable to the organism. 
Calculations based on these assumptions yield an environmentally conservative 
TBP value for the dredged material if the dredged material in question is the only 
source of the contaminant for the organism. However, note that TBP calculations 
are not valid for sediments with TOC less than or equal to 0.2 percent. 

McFarland (1984) calculated that the equilibrium concentration of nonpolar 
organic chemicals, which the lipids of an organism could accumulate as a result 
of exposure to dredged material, would be about 1. 7 times the organic carbon
nonnalized concentration of the chemical in the dredged material. 
Concentrations are directly proportional to the lipid content of the organism and 
the contaminant content of the dredged material or reference sediment, and are 
inversely proportional to the organic carbon content of the dredged or reference 
material (Lake, Rubenstein, and Pavignano 1987). 

The possible chemical concentration in an organism's lipids [the lipid bio
accumulation potential (LBP)] would theoretically be l. 7 times the concentration 
of that chemical in the sediment organic carbon. Rubinstein et al. (l 987) have 
shown, based on field studies with PCBs, that a value of 4 for calculating LBP is 
appropriate. LBP represents the potential contaminant concentration in lipid if 
the sediment is the only source of that contaminant to the organism. It is 
generally desirable to convert LBP to whole-body bioaccumulation potential for 
a particular organism of interest. This is done by multiplying LBP by that 
organism's lipid content, as determined by lipid analysis or from reported data. 
Soft-bodied animal lipid contents may range from l to 2% wet weight (based on 
data from an oligochaete, midge, and amphipod species. 1 

Based on work by McFarland and Clarke (1987), TBP can be calculated 
relative to the biota sediment accumulation factor (BSAF) as: 

TBP = BSAF (Cs I % TOC) %L 

where TBP is expressed on a whole-body wet-weight basis in the same units of 
concentration as Cs, and 

1 G. Angley, Environmental Protection Agency, Duluth, and H. Lee, EPA, Newport, 
personal communication. 
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BSAF 

%TOC 

%L 

concentration of nonpolar organic chemical in the dredged 
material or reference sediment (any units of concentration may 
be used) 

4 (Ankley et al. 1992) 

total organic carbon content of the dredged material or reference 
sediment expressed as a decimal fraction (i.e., 2% = 0.02) 

organism lipid content expressed as a decimal fraction 
(i.e., 3% = 0.03) of whole-body wet weight. 

G.3 TIER Ill - Terrestrial Animal Bioaccumulation 
Test 

Unless adverse conditions exist (excessively low pH, excessively high 
salinity, contaminant toxicity, etc.), animals and plants will colonize dredged 
material that has dewatered. Dredged material in a terrestrial habitat condition is 
subject to physicochemical changes over time that will affect availability of 
contaminants from animals to plants and from plants to animals. 

G.3.1 Terrestrial species selection 

In the Tier III animal bioaccumulation test, the concentration of contaminant 
of concern (COC) in the tissues of a soil invertebrate (earthworm) living in the 
dredged material is compared to the concentration of COC in earthworms living 
in the reference material. The procedure to evaluate bioaccumulation of all 
COC is presented below. This test is based on the bioaccumulation evaluations 
developed at WES for the ASTM Standard Procedure E 1676-97 (ASTM 1997). 

The earthworm species Eisenia fetida used in this procedure has been used 
successfully as a laboratory test organism in many testing media, including 
artificial soil (Neuhauser et al. 1985); contaminated field soils (Stafford and 
Edwards 1985, Callahan, Russell, and Peterson 1985); activated sludge 
(Hartenstein, Hartenstein, and Hartenstein 1981 ); sediment (Athey et al. 1989) 
and cow manure (Reinecke and Venter 1985). 

G.3.1.1 Life history. 

The life-cycle of E. fetida can be divided into three distinct phases: (l) the 
cocoon phase, consisting of an egg cocoon that can produce from l to 11 
hatchlings under laboratory conditions GD the young (immature) phase, during 
which the hatchlings grow physically but cannot produce cocoons; and CD the 
adult (mature) phase, which is reached when the worms become capable of 
producing cocoons. Adult worms may still grow physically. The life cycle for E. 
fetida to vary from a mean of 51.5 days at 25 °C to more than 166 days at 13 ° C, 
i.e., from freshly deposited cocoon through clitellate worm and deposition of the 
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next generation of cocoons. E. fetid a has a maximum life expectancy of 4 to 5 
years, although between 1 and 2 years is more usual. 

Eisenia fetida is an epigeic species (i.e., they live and feed on the surface) 
that rarely inhabits agricultural soils but is found in compost piles, manure piles, 
and other disturbed sites rich in organic matter. The rate of soil consumption in 
the laboratory by E.fetida individuals weighing 300 mg has been estimated at 16 
mg soil/individual/day (Stafford and Edwards 1985). 

Worms digest the microorganisms from ingested soil and organic debris, 
which illustrates their interactions with the soil environment. Independently of 
whether mineral matter or fibrous organic material was ingested, approximately 
2.5 h were required at 25 °C for E.fetida to pass ingesta from mouth to anus 
(Hartenstein, N eahauser, and N arahara 1981 ). 

G.3.1 .2 Taxonomy. 

The taxonomic status of what Bouche (1992) calls the complex is unclear in 
the literature. Some authors consider this complex to consist of two subspecies, 
E. fetida fetid a and E. fetid a andrei, while other authors consider the complex to 
consist of two separate species, E. fetida and Eisenia andrei. This guide chooses 
to use the subspecies designations. The dorsal surface of E. f andrei is uniformly 
reddish, while E. f fetid a is striped or banded. Bouche (1992) states that the 
andrei fonn is relatively homogeneous, while jetida may be multispecific. It is 
recommended that the andrei fonn be used as the test organism, that is, 
E.f andrei. 

G.3.2 Laboratory procedures 

Culture of Test Organisms. Earthworms are obtained through either 
culture procedures or from commercial vendors. 

Age. Tests with E. jetida tests should use sexually mature fully clitellate 
earthworms. 

Experimental Design. Decisions concerning the various aspects of 
experimental design, such as the number of replicates, the number of test 
containers, and the mass of earthworms, should be based on the amount of tissue 
material needed for chemical analysis. 

Test Material. Test materials are (1) the dredged material being evaluated, 
(2) reference soil, and (3) control material such as earthworm culture media for 
use in evaluating test acceptability. 

Test Containers. Test material is placed in transparent Plexiglas cylinders 
30 cm deep and 15 cm in diameter. The cylinder ends are closed with a 17-cm 
PVC and either 340µ Nytex mesh or cotton muslin cloth. The bottom end is then 
placed in a 20-cm-diam plastic dish of test water to allow water movement into 
the substrate and allow earthworms to move into areas of optimum moisture. 
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Test Initiation (Day 0). A random sample of earthworms should be 
analyzed for the COC as a Day 0 background tissue sample. The Day 0 
background tissue sample is used to quantify COC present in earthworms prior 
to the test and should not be confused with control or reference tissue samples, 
which are exposed to test cylinders for the full 28 days. If greater than l 0 per
cent mortality is seen in control containers, the test is considered invalid. If 
earthworms cannot survive in the dredged material, bioaccumulation in the 
earthworm is not a concern. Prior to testing, earthworms are rinsed with test 
water, and placed on paper towels to remove excess water. On Day 0 the mass of 
earthworms needed for the particular chemical analysis procedures for the 
contaminant(s) of concern are added to the test cylinder. Test containers have 
accommodated up to 30 grams (~75 earthworms)/ cylinder. 

Test Breakdown (Day 28). On Day 28, earthworms are removed, rinsed 
with test water, blotted, counted, and weighed. The earthworms are depurated 
for 24 hr on moist filter paper, then rinsed, reweighed, and frozen in preparation 
for chemical analysis. 

Feeding. Dredged material that contains organic material does not require 
an additional food source. Substrates with lesser nutrients tested with this 
procedure may require added food because of test length. Any food added would 
need to be chemically analyzed for concentrations of COC. 

Test Specifications and Quality Control. A summaiy of the test 
specifications is given in Table G 1. Temperature, pH, percent moisture, and 
salinity should be controlled or monitored throughout the test. Ideally these 
variables should be the same as in the field, and within the range of the 
earthworms' requirements. Acceptable temperature range is from 10 to 29 °C 
with a recommended range of 19 to 25 °C. Acceptable pH range is between 4 
and l 0 (Greene et al. 1989). Recommended photoperiod is 24 hr within l 00-
l 080 lux. This photoperiod is recommended to prevent earthworm escape, 
encourage maximum exposure to test material, and to discourage contact with 
container sides. 

Table G-1 
Test Specifications for the 28-day Eisenia fetida Bioaccumulation 
Test 

28 days 

Biological Endpoint Contaminant accumulation 

Temperature Same as field condition if within 10-29 °C 

Photo period 24 hr/ 100-1080 Ix 

pH Same as field condition if within 4-10 

% moisture Same as field condition 

Salinity Same as field condition 

Test Containers Plexiglas cylinders 
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G.3.2.1 Test variations. 

Laboratory Procedure with Sod. This procedure considers the potential 
effects of vegetation on bioaccumulation by earthworms (Kay, Scolten, and 
Bowmer 1988). This variation is conducted with Bermuda grass planted in the 
cylinders (Skogerboe et al. 1996). The procedure differs from the above as 
follows; On Day 0, l gm of Be1muda grass seeds are spread over the cylinder 
surface. Seeds are covered with Imm of peat moss and lightly watered with 
reverse osmosis (RO) water. Each cylinder receives 125 mL of a dilute 
(600 mg/liter of water) solution of soluble plant food (13-13-13), during the first 
2 weeks to enhance seed sprouting. Excess water is collected in plastic trays and 
poured off. On Day 30, earthworms are added. On Day 60, Bermuda grass is 
harvested, earthw01ms are counted and weighed, and both grass and earthworms 
are prepared for chemical analysis. The following alterations are made in the 
temperature and lighting test conditions to promote grass growth: temperature 
22 °C (night) to 29 °C (day), acceptable lighting is 400 lux illumination for a 
period of 14 hr light/ l 0 hr dark. 

In Situ Field Procedure. An in situ field bioaccumulation procedure may be 
used. This procedure is ve1y similar to the laborat01y procedure described 
above, with a 7.5-1 polyethylene bucket with screen-covered holes in the base 
and lid to allow air and water but not earthw01m exchange. Test containers are 
implanted 25 cm deep (soil level) in the dredged material in place in the CDF 
and filled with the material removed from the hole (Simmers et al. 1986). 

G.3.2.2 Chemical analysis. 

Chemical analysis of earthw01m tissue for the animal bioaccumulation COC 
should follow the tissue analysis guidance in Chapter 9 of the ITM 
(USEP A/USACE 1998). 

G.3.3 Data Presentation and Analysis 

Data Presentation. 

Data should be presented in tabular format, listing tissue concentration of 
each COC by organism and by sediment type (e.g., dredged material and 
reference). Although bioaccumulation tests cannot be used to quantify toxicity, 
any mortality that occurs during bioaccumulation testing should be documented. 

Data Analysis. 

At the end of the 28-day test period, concentrations of COC in the tissues of 
earthworms in the dredged material should be statistically compared to 
concentrations of COC in worms in the reference material. The results of this 
evaluation are interpreted according to the Tier IH guidance in Chapter 8. 
Concentrations of COC in the tissues of earthworms archived at the initiation of 
the exposure may provide perspective helpful in reaching a Tier III decision. 
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Appendix H 
Plant Bioaccumulation 
Procedures 

H.1 Introduction 

This appendix provides detailed step-by-step procedures for conducting tests 
for evaluation ofbioaccumulation of contaminants of concern (COC) by wetland 
and tenestrial plants from both freshwater and marine dredged materials. The 
background, rationale, and tiered framework for application of these procedures 
are discussed in Chapter 9 of the main text of this Upland Testing Manual 
(UTM). Two test procedures are provided in this appendix: 

a. DTP A extraction and application of the plant bioaccumulation program 
(PUP). 

b. Plant bioaccumulation procedures applicable to tenestrial and wetland 
dredged material disposal alternatives. 

H.2 DTPA Extraction Procedure for Plant 
Bioaccumulation 

The screen for the evaluation of plant bioaccumulation of metals involves 
the extraction of metals from the dredged material using diethylenetriamine
pentaacetic acid (DTPA). The DTPA screen may be used to evaluate 
bioaccumulation of metals by plants from freshwater dredged material under 
wetland or tenestrial habitat conditions. A computerized program, the PUP uses 
the results of the DTPA extraction to predict bioaccumulation from the dredged 
material and compare the results to bioaccumulation from the reference sediment 
or soil (Folsom and Houck 1990). The PUP requires data on total sediment 
metals concentrations, DTP A extraction, organic matter percentage, and the 
sediment pH in the condition of disposal (wetland or tenestrial). 
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H.2.1 Materials 

Apparatus and equipment. 

a. Stainless steel electric mixer 

b. Magnetic stir plate 

c. Combustion oven (550 °C capability) 

d. 500-mL polycarbonate centrifuge bottles 

e. Centrifuge 

f Mechanical horizontal shaker 

Reagents. 

a. Diethylenetriamine-pentaacetic acid 

b. Calcium chloride 

c. Triethanolamine 

d. Hydrochloric acid 

e. Sodium hydroxide 

H.2.2 Sediment preparation 

Sediment collected for testing should be consolidated and thoroughly mixed 
with a high shear mixer to ensure homogeneity. Samples are collected after 
mixing for the determination of sediment physical and chemical characteristics. 
The mixed sediment should be stored at 4 °C until needed. Any reference or 
background sediment or soils should be handled in the same manner as the 
dredged material. Half the mixed sediment is left saturated and anaerobic for 
use wetland tests. For tenestrial tests, the other half of the mixed sediment 
should be placed in an aluminum drying pan of appropriate size to allow for no 
greater than a 1-in. depth of sediment in the bottom of the pan. The sediment is 
turned twice daily with a polyethylene shovel to facilitate drying and any debris 
is removed. After the mate1ial is air-dried to less than 5 percent moisture on a 
dry weight basis, it is ground to pass a 2-mm screen and then remixed. The 
mixed mate1ial is then ready for use in the tenestrial testing portions in the 
following sections. 

H.2.3 Sediment characterization 

Sediment pH. Ten grams (10 g) (oven-dried weight [ODW] to nearest 
0.001 g) of original wet, dried, and d1ied +peroxide sediment are weighed into 
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tall 50-mL Pyrex glass beakers. Twenty (20) mL of distilled water is added to 
each beaker and the mixture is stined with a polyethylene rod until all particles 
are saturated. The mixture is stined with a magnetic stiner for 1 min eve1y 
15 min for 45 min. After 45 min, the pH electrode is placed into the solution 
above the surface of the sediment and the pH is read on a pH meter (Folsom, 
Lee, and Bates 1981 ). 

Organic matter. Organic matter (OM) is determined by weight loss on 
ignition at 550 °C on air-dried (AD) and air-dried+ washed (ADW) sediment. 
Procedure No. 209E (American Public Health Association 1976) is used for this 
test. A 5-g (ODW) subsample is weighed to the nearest 0.001 g and dried at 
105 ± 0 2 C until constant weight (48 hr). Five ( 5) grams of the oven-dried 
sediment is weighed to the nearest 0.001 g and combusted at 550 ± 5 °C for 
24 hr in a muffle furnace. The sample is allowed to cool to room temperature in 
a moisture desiccator and weighed to the nearest 0.001 g. Weight loss on 
ignition is calculated and reported as percent OM using the following formula: 

((oven dry weight - combusted weight) I oven dry weight) x 100 = % 
organic matter 

H.2.4 DTPA extraction procedure 

Wetland condition. A 50.0-g (ODW to the nearest 0.001 g) subsample of 
the wet, unoxidized sediment is weighed into a 500-mL polycarbonate centrifuge 
bottle and centrifuged at 4 °C and 9,500 rpm for 30 min. The supernatant is 
decanted; pH is determined on the supernatant and represents the saturated 
sediment pH. To the sediment remaining in the centrifuge bottle is added 
250 mL of0.005 M DTPA + 0.01 M calcium chloride+ 0.1 M triethanolamine - -

solution (Lee et. al. 1978) buffered at pH 7.3. The bottle is sealed, placed on a 
mechanical shaker and centrifuged as before. The supernatant is carefully 
poured into a polyethylene bottled and analyzed for metals according to the 
methods described in USEP A ( 1986). 

Terrestrial condition. The procedure for the tenestrial condition is the 
same as that for the wetland condition except that air-dried sediment is used. 
After extractions are complete, samples are stored in polyethylene bottles at 4 °C 
until chemical analysis. In addition, an extracting solution blank is also analyzed 
and resulting data are subtracted from the test sediment data prior to performing 
the following calculation for both the wetland and tenestrial evaluation: 

DTPA metal Cone. = (DTPA extracting solution metal cone.) x 
(extracting solution vol.) I g ofODW sediment 

H.2.5 Prediction of plant bioaccumulation and comparison to 
reference 

The results of the DTP A extractions along with chemical and physical 
sediment characteristics described above are entered into the PUP program as 
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described in (http:/ lwww. wes. army. mill ell elmodel slpdf! ee-04-12.pdj). The 
program can be downloaded from (http:/lwww.wes.army.mil/el/elmodels/index. 
html). Plant contaminant concentrations from several years of plant 
bioaccumulation results are contained in the PUP database and are separated by 
sediment redox status, pH and organic matter. Data separation improves the 
prediction capability when the data collected from the above procedures are 
entered into the PUP model and model results are generated. 

H.2.6 Comparison of DTPA results to reference 

The mean DTP A and total sediment metal concentrations are entered along 
with pH and organic matter content into the PUP as described in Folsom and 
Houck (l 990). Results are presented as plant metals concentration in ug g-1 and 
as total plant bioaccumulation in ug on an ODW basis. In addition, test results 
from the reference sediment are included for comparison. 

An example DTP A evaluation using PUP as described above is shown in 
Table H. l. The DTPA results are noted as exceeded (EXCD) the comparison or 
did not exceed (DNEX) the comparison. As shown in this example, As, Cd, Cr, 
Cu, Pb, Hg, and Zn exceed all cases comparing plant bioaccumulation from the 
dried dredged material to bioaccumulation from the reference material. 

Table H.1 
Summary Of DTPA-Predicted Plant Bioaccumulation from Dredged 
Material Compared to Reference Material 

Cr Cu 

1a EXCO EXCO EXCO EXCO EXCO EXCO ONEX ONEX EXCO 7 

1b ONEX EXCO EXCO EXCO EXCO EXCO EXCO ONEX EXCO 7 

2a EXCO EXCO EXCO EXCO EXCO EXCO ONEX ONEX EXCO 7 

2b ONEX EXCO EXCO EXCO EXCO EXCO EXCO ONEX EXCO 7 

3a EXCO EXCO EXCO EXCO EXCO EXCO ONEX ONEX EXCO 7 

3b ONEX EXCO EXCO EXCO EXCO EXCO EXCO ONEX EXCO 7 

The results of the comparisons show that dredged material DTP A Cd, Cu, 
Cr, Pb, Hg, and Zn will exceed the reference all cases described above. This 
infonnation is evaluated according to the Tier II guidance in Chapter 9. 

The plant metals concentrations and total plant bioaccumulation predicted by 
the PUP program for the example summarized above are presented in Table H.2. 
This information may provide perspective useful in the Tier II evaluation of 
plant bioaccumulation. 
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Table H.2 
DTPA-Predicted Plant Metal Concentrations (ug g"1

) and Total 
Plant Bioaccumulation (ug) 

Wet Oven Dry 

Total Total 
Metal Concentration bioaccumulation Concentration bioaccumulation 

Arsenic 0.576 0.977 0.324 0.608 

Cadmium 2.23 49.54 1.95 31.67 

Chromium 12.33 15.93 9.33 22.10 

Copper 21.02 178.48 26.04 162.5 

Lead 2.07 6.86 1.63 9.81 

Mercury 0.01 -0.38 0.048 -1.59 

Nickel 6.04 -20.62 5.32 5.45 

Zinc 35.09 1321 44.1 2202 

H.3 Laboratory Plant Bioaccumulation Procedures 

H.3.1 Plant bioaccumulation/toxicity assessment 

The plant bioaccumulation procedure consists of the exposure of index 
plants to dredged material and a reference soil or sediment. The dredged 
material and reference material are prepared to simulate wetland conditions or 
are processed by drying and oxidation to simulate terrestrial conditions before 
being planted with seedlings of the appropriate specie. Spartina altern~flora 
(SA) and is used for saline wetland conditions. Cyperus esculentus (CE) is used 
for fresh wetland, fresh terrestrial, and saline terrestrial conditions. The 
procedure calls for sediment exposure through maturity of the plant in an 
environmentally controlled greenhouse. Aboveground plant tissues are harvested 
and analyzed for COC concentrations. 

H.3.2 Apparatus and materials 

Apparatus. The apparatus for performing the plant bioaccumulation 
procedure is shown in Figure H. l. It is basically a double bucket with an inner 
bucket that allows water flow through holes in the bottom. The purpose is to 
facilitate adequate watering by adding water to the outer bucket and allowing 
movement of water by hydraulic pressure into the inner bucket through the holes 
in the bottom. A soil tensiometer placed in the sediment indicates when enough 
water has been added to bring the sediment to approximately field capacity 
moisture content. 

Materials. Tubers of yellow nutsedge (Cyperus esculentus) can be 
obtained through commercial suppliers (for example, Valley Seed Services, 
Fresno, CA, or Wildlife Nurseries, Oshkosh, WC). Tubers are germinated prior 
to use in the plant bioaccumulation procedure. The tubers are first rinsed in 
distilled water and then placed between paper towels and kept moist and at 23 °C 
in a lighted germination chamber. Generally, the germination rate is low and the 
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process should begin with twice as many tubers as needed. Tubers are suitable 
for planting when sprouts are 3 cm long. 

Seedlings of ,)partina alterniflora are required for the saline wetland 
bioaccumulation procedure. These may be obtained from commercial growers. 
Field collected ,)partina alterniflora should not be used unless new seedlings are 
propagated in clean potting media. 

Soil MoJsture Tensiometor 

· 22.7-L Ba.in Marie 

7.EH .• Bain Ma.rie 

Dredged or Fill Material 

Sand 

Polyurethane, Sponge 

~~==~~·t· 2.54 cm PVC Pipe 

Figure H.1. Plant bioaccumulation double bucket apparatus 
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H.3.3 Sediment collection and preparation 

Freshwater. A minimum of 20 kg of sediment is required to conduct each 
segment (wetland and terrestrial) of the plant bioaccumulation procedure. More 
may be necessaiy if analyses requiring considerable biomass are necessary and 
poor plant growth in the dredged material is expected. Sediment collected for 
testing should be consolidated and thoroughly mixed with a high shear mixer to 
ensure homogeneity. Samples are collected after mixing for the determination of 
sediment physical and chemical characteristics and placed in new glass bottles 
with Teflon lined lids. The mixed sediment should be stored at 4 °C until 
needed. Half the mixed sediment is left saturated and anaerobic for use wetland 
tests. For terrestrial tests, the other half of the mixed sediment should be placed 
in an aluminum drying pan of appropriate size to allow for no greater than a 1-in. 
depth of sediment in the bottom of the pan. The sediment is turned twice daily 
with a polyethylene shovel to facilitate drying and any debris is removed. After 
the material is air-dried to less than 5 percent moisture on a dry weight basis, or 
at least 3 weeks, it is ground to pass a 2-mm screen and then remixed. The 
mixed material is then ready for use in the teITestrial testing portions in the 
following sections. 

Saltwater. Saltwater sediment is prepared as above and in addition requires 
the leaching of salts from the sediment to support teITestrial plants on the air
dried sediment. One part air-dried sediment (5 kg ODW) and three parts of 
reverse osmosis (RO) purified water (15 kg) (weight to weight basis) are placed 
in 19.0-L buckets. Ten buckets are needed for each sediment. The sediment/ 
water in each bucket is then mixed for 5 min every hour for 5 hr using an electric 
mixer. The suspension is allowed to settle until all visible suspended particles 
have settled out and then the water is carefully siphoned off. A sample of the 
water is collected from each bucket and a composite of all l 0 buckets is 
collected for pH and electrical conductivity determinations. The sediment from 
each bucket is placed back into the drying flats and the drying, grinding, and 
washing process is repeated until the sediment had been washed three times, and 
dried and ground four times or until salinity of the sediment is l 0 parts per 
thousand or below. 

Reference soil A reference soil or sediment should be provided for a 
comparison in the terrestrial and wetland tests, respectively. The reference soil 
or sediment should be prepared as described above for the teITestrial or wetland 
dredged material. 

H.3.4 Sediment characterization 

Electrical conductivity and salinity. Electrical conductivity is determined 
on saturated extracts of each air-dried (AD) and air-dried+ washed (ADW) 
sediment using the method of Rhoades (1982). The extracts are measured on a 
conductance meter to determine electrical conductivity (EC) in mmhos/cm. 
Salinity is also measured on the extracts using a hand refractometer. EC and 
salinity are also determined on original wet test sediment, reference sediment, 
and wash water samples. 
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Sediment pH. Ten (10) g (ODW to nearest 0.001 g) of original wet, AD, or 
ADW sediment are weighed into a tall 50-ml Pyrex glass beaker. Twenty 
(20) mL of distilled water are added and the mixture is stirred with a polyethy
lene rod until all particles are saturated. The mixture is stirred with a magnetic 
stirrer for] min every 15 min for 45 min. After 45 min, the pH electrode is 
placed into the solution above the surface of the sediment and the pH is read on a 
pH meter (Folsom, Lee, and Bates ] 981 ). 

Organic matter. OM is determined by weight loss on ignition at 550 "Con 
AD and ADW sediment. Procedure No. 209E (American Public Health Associa
tion 1976) is used for this test. A 5-g subsample (ODW) is weighed to the 
nearest O.OCll g and dried at ]()5 ± 2 °C until constant weight (48 hr). Five (5) g 
(ODW to the nearest O.OCll g) of sediment is weighed and combusted at 
550 ± 5 °C for 24 hr in a muffle furnace. The sample is allowed to cool to room 
temperature in a moisture desiccator and weighed to the nearest 0.001 g. Weight 
loss on ignition is calculated and reported as percent OM using the following 
formula: 

%OM = weight oven-dry sediment-weight combusted sediment x 
100 

weight oven-dry sediment 

H.3.5 Greenhouse operation and bioaccumulation techniques 

Four replicates of each sediment condition are prepared by placing 4,500 g 
(ODW) of sediment (one 500-mL scoop-full at a time) into each prepared 7.6-1 
Bain-Marie container. Seedlings of the appropriate plant species are transplanted 
into the wetland sediment or in premoistened terrestrial sediment. Four 
replicates of reference sediment or soil are also prepared and planted with four 
replicates each of SA or CE. The replicates are randomly placed on tables in the 
greenhouse. Day length of 16 hr is maintained. Light fixture faces should be 
130 cm from the top of the 19.0-L bucket. The 130-cm height allows maximum 
potential plant growth to occur without damage from the heat produced. Lights 
are arranged in a pattern of alternating a high-pressure sodium lamp and a high
pressure multi-vapor halide lamp. Alternating the lamps provides an even 
photosynthetic active radiation (PAR) distribution pattern of 1,200 
uEinsteins/m2

. The temperature of the greenhouse is maintained at 32± 2 °C 
maximum during the day and 21 ± 2 ° C minimum at night to simulate a summer 
environment. Relative humidity is maintained as close to 100 percent as 
possible, but never less than 50 percent. Soil/sediment moisture content is 
maintained between 30 and 60 MPa (field capacity is 30 MPa) by adding RO 
water as necessary. Soil moisture tensiometers, placed in each container, are 
monitored daily and water added when tensiometers read greater than 60MPa. 
RO water is added to the outer container up to the level of the inner container 
and allowed to move through holes in the bottom of the inner container. When 
tensiometers read less than 40 MPa, the water is siphoned from the outer 
container. 
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H.3.6 Plant tissue collection and preparation for analysis 

After 45 days, CE is harvested from each container, (SA is harvested after 
90 days). Stainless steel scissors are used to cut the plant tissue 5 cm above the 
sediment surface. The tissue is immediately washed in distilled water to remove 
any salt, sediment, or dust particles and blotted dry. Total fresh weight and dry 
weight of each replicate is then determined. Plant tissues from replicates are 
split as approp1iate for analysis of inorganic and organic contaminants. The 
amount of plant material required for each analyte must be dete1mined before 
splits are performed and tissues placed in appropriate containers for preservation 
for analysis. 

Chemical analysis of plant tissues for COC should be conducted according 
the animal tissue analysis guidance in Chapter 9 of the ITM (USEP A/USACE 
1998). Analysis should include blanks and NBS plant tissue standards. 
Inorganics are normally reported on a dry weight basis and organics are reported 
on a wet weight basis although either can be calculated provided that moisture 
content of the plant tissue is detennined prior to analysis. 

H.3.7 Data presentation and analysis 

Data presentation. Data should be presented in tabular format, listing 
tissue concentration of each COC by organism and by sediment type (e.g., 
dredged material and reference). 

Data analysis. At the end of the 28-day test period, concentrations of COC 
in the tissues of plants in the dredged material should be statistically compared 
to concentrations of COC in plants in the reference material. The results of this 
evaluation are interpreted according to the Tier HI guidance in Chapter 9. 
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Appendix L 
Statistical Methods 

L.1 Introduction 

This Appendix presents appropriate statistical methods for analyzing data 
from confined disposal facility (CDF) pathway testing procedures. The 
methodology is not intended to be exhaustive, nor is it intended to be a "cook
book" approach to data analysis. Statistical analyses are routine only under ideal 
experimental conditions. The methods presented here will usually be adequate 
for the tests conducted under the conditions specified in this document. An 
experienced applied statistician should be consulted whenever there are 
questions. 

The following are examples of departures from ideal experimental 
conditions that may require additions to or modifications of the statistical 
methods presented in this chapter: 

• Unequal numbers of experimental organisms assigned to each treatment 
container, or loss of organisms during the experiment. 

• Unequal numbers ofreplications (e.g., containers or aquaiia) of the 
treatments. 

• Different conditions of salinity, pH, dissolved oxygen, temperature, etc., 
among exposure chambers. 

• Differences in placement conditions of the testing containers, or in the 
organisms assigned to different treatments. 

• Contaminant concentration data reported as less than detection limit. 

Treatment of nonideal data from dredged sediment evaluations is discussed 
at length in Clarke and Brandon ( 1996). 

Statistical analysis of CD F pathway testing data is needed primarily for two 
types of biological tests-water column toxicity and bioaccumulation. The 
following statistical procedures will be covered: 
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• Tests of assumptions (normality and equality ofvaiiances). 

• Data-scale transformations. 

• Two-sample t-test. 

• Nonparametric two-sample test. 

• Power and sample size calculations. 

• LCso calculations. 

• Linear regression. 

• Parametric multiple comparisons among treatments. 

• Nonparametric multiple comparisons among treatments. 

• Confidence interval calculations. 

• Comparisons to action levels. 

Decision trees are included to provide a general overview of each biological 
test. These trees illustrate which of the above statistical methods are appropriate 
for analyzing the results of each biological test, and the order in which the 
statistical procedures should be conducted. The trees include three general 
levels of decisions in the biological testing evaluation process: (1) decisions 
made by evaluating the experimental QA/QC and examining test treatment and 
reference means, (2) decisions concerning which statistical comparison proce
dure to use based on tests of assumptions, and (3) decisions concerning the 
significance of statistical comparisons. 

The statistical methods (with the exception of linear regression) are illus
trated in this Appendix with example data analyzed by SAS programs (SAS 
Institute, Inc. l 990a-d). This manual does not constitute official endorsement or 
approval of these or any other commercial hardware or software products. Other 
equally acceptable hardware and software products are commercially available 
and may be used to perform the necessary analyses. If it is necessary to write 
original programs to perform statistical analysis, the appropriateness of the tech
niques and accuracy of the calculations must be very carefully verified and 
documented. 

Each example data set included in this Appendix is analyzed using several 
different statistical methods (usually, all of the possible tests in the appropriate 
decision tree) for illustrative purposes only. Note that the results of d~fferent 
statistical tests will occasionally disagree, and it is never appropriate to conduct 
several tests in order to choose a preferred result. Decisions concerning the 
proper statistical tests to use should be made a priori, based on such considera
tions as experimental design, hypotheses of interest, relative importance of 
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Type I and Type II error rates (Section L.1.2), and tests of assumptions 
(Sections L.2.1.1.l and L3 .1 ). 

L 1.1 Basic statistics 

Statistical methods are used to make inferences about populations, based on 
samples from those populations. In most toxicity and bioaccumulation tests, 
samples of exposed organisms are used to estimate the response of the popu
lation of laboratory organisms. The response from the samples is usually 
compared with the response to a reference, 1 or with some fixed standard such as 
an FDA action level. In any toxicity or bioaccumulation test, summary statistics 
such as means and standard errors for response variables (e.g., survival, 
contaminant levels in tissue) should be provided for each treatment (e.g., 
elutriate concentration, soil, or sediment). 

In the tests described herein, samples or observations refer to replicates of 
treatments. Sample size n is the number of replicates (i.e., experimental units, 
test containers) in an individual treatment, not the number of organisms in a test 
container. Overall sample size N is the total number of replicates in all 
treatments combined, i.e., 

where k is the total number of treatments in the experiment including the 
reference. 

(L-1) 

The statistical methods discussed in this Appendix are described in general 
statistics texts such as Steel and Torrie (1980), Sokal and Rohlf (1981 ), Dixon 
and Massey (1983), Zar (1984), and Snedecor and Cochran (1989). We 
recommend that investigators using this Appendix have at least one of these texts 
on hand. A nonparametric statistics text such as Conover (1980) can also be 
helpful. 

Mean. The sample mean (x) is the average value, or Sxi In, where 

n =number of observations (replicates) 

xi = ith observation, e.g., x2 is the second observation 

Sxi = every x summed= x 1 + x2 + x3 + ... + Xn ; usually written Sx 

Most calculators and statistical software packages will provide means. 

1 Reference is used generically to refer either to a reference material (soil or sediment 
used in bioaccurnulation testing), or to dilution water or control water (used in toxicity 
testing). 
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Standard deviation. The sample standard deviation (SD ors) is a measure 
of the variation of the data around the mean. The sample variance, s2

, is given 
by: 

2 l:x2 
- (l:x /in 

s = 

n-1 
(L-2) 

Standard error of the mean. The standard error of the mean (SE, or slf n) 
estimates variation among sample means rather than among individual values. 
The SE is an estimate of the SD among means that would be obtained from 
several samples of n observations each. Most of the statistical tests in this 
manual compare means with other means (e.g., soil treatment mean with refer
ence mean) or with a fixed standard (e.g., FDA action level). Therefore, the 
"natural" or "random" variation of sample means (estimated by SE), rather than 
the vaiiation among individual observations (estimated bys), is required for the 
tests. 

In addition to the summaiy statistics above, two other statistics derived from 
the normal (bell-shaped) frequency distribution are central to statistical testing 
and to the tests described in this Appendix. These two statistics are normal 
deviates (z-scores) and Student's t. 

Normal deviates (z). Z-scores or normal deviates measure distance from the 
mean in standard deviation units in a normal distribution. For example, an 
observation one standard deviation greater than the mean has a z-score of l; the 
mean has a z-score of 0. Z-scores are usually associated with a cumulative 
probability or proportion. For example, suppose an investigator wants to know 
the proportion of values in a normal distribution less than or equal to the mean 
plus one standard deviation. In this situation z = 0.84, i.e., in a normal distribu
tion, 84 percent of values will be less than or equal to the mean plus l standard 
deviation. Alternatively, an investigator may want to determine the z-score 
associated with a specific proportion or probability. For example, he or she may 
want to know the range in which 95 percent of the values in a normal distribu
tion should fall. That range is the mean ± 1. 96 standard deviation (z-scores from 
-l.96 to + l.96). 

Tables of z-scores can be found in most statistical texts, and bear titles such 
as "Standard Normal Cumulative Probabilities," "Ordinates of the Normal 
Curve," or "Normal Curve Areas." Typically the z-scores are listed in the 
column (top) and row (left) margins, with the column marginal value being 
added to the row marginal value to obtain the z-score. The body of the table 
contains the probability associated with each z-score. However, depending on 
the table, that probability may refer to the proportion of all values less than the z
score, the proportion of values falling between zero and the z-score, or the 
proportion of values greater than the z-score. For example, if the z-score is l .96, 
97.5 percent of the values in a normal distribution fall below the z-score 
(Kleinbaum and Kupper 1978, Table A-1), 47.5 percent fall between zero and 
the z-score (Rohlf and Sokal 1981, Table l l ), and 2.5 percent fall above the 
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z-score (Steel and Torrie 1980, Table A.4). It is important to distinguish which 
probability is of interest. 

Z-scores can also be obtained from functions in statistical software packages. 
For example, in SAS the PROBIT function will return a z-score for a specified 
probability, and the PROBNORM function will compute the proportion of 
values less than a given z-score. 

Student's t. Normal deviates can only be used to make inferences when the 
standard deviation is known, rather than estimated. The true population mean 
(µ)and standard deviation (s) are only known if the entire population is 
sampled, which is rare. In most cases samples are taken randomly from the 
population, and the s calculated from those samples is only an estimate of s . 
Student's t-values account for this uncertainty, but are otherwise similar to 
normal deviates. For example, an investigator may want to determine the range 
in which 95 percent of the values in a population should fall, based on a sample 
of 20 observations from that population. If the sample consisted of the entire 
population, µ. and s would be known with certainty, and normal deviates would 
be used to estimate the desired range (as in the above paragraph). However, if 
the sample represented only a small proportion of the population, t-values would 
be used to estimate the desired range. The degrees of freedom for the test, which 
is defined as the sample size minus one (n - l ), must be used to obtain the correct 
t-value. Student t-values decrease with increasing sample size, because larger 
samples provide a more precise estimate ofµ and s. For a probability of 95 
percent, the appropriate range oft-values is -2.09 to + 2.09 when n = 20 (l 9 
degrees of freedom). In other words, 95 percent of the values in the population 
should lie within the range: sample mean± 2.09 s. Note that this is wider than 
the corresponding range calculated using normal deviates. As sample size 
increases, t-values converge on the z-scores for the same probability. 

Tables oft-values typically give the degrees of freedom ( df or v) in the row 
(left) margin and probabilities or percentiles in the column (top) margin. 
percentiles refer to the cumulative proportion of values less than t, whereas 
probabilities (also known as a in this case) refer to the proportion of values less 
than -t and/or greater than +t. A two-tailed probability refers to both "tails" of 
the t-distribution curve, i.e., the probability of a value either >+t or <-t. A 
one-tailed probability refers to only one of the tails of the curve, e.g., the proba
bility of a value >+t. 

When using a t table, it is crucial to determine whether the table is based on 
one-tailed probabilities (such as Table Vin McClave and Dietrich (1979), and 
Table A-2 in Kleinbaum and Kupper (1978)), or two-tailed probabilities (such as 
Table A.3 of Steel and Torrie (1980)). Some tables give both (such as Table B.3 
of Zar (l 984) ). For most applications involving t-values in this Appendix, one
tailed probabilities are desired. The body of the table contains the t-value for 
each df and percentile (or a). The t-value for a one-tailed probability may be 
found in a two-tailed table by looking up t under the column for twice the 
desired one-tailed probability. For example, the one-tailed t-value for a= 0.05 
and df = 20 is 1.725, and is found in a two-tailed table using the column for 
a= 0.10. 
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Statistical software packages may also provide functions to determine t
values or their associated probabilities. In SAS, these functions are TINV and 
PROBT. 

L 1.2 Hypothesis testing 

The goal in analyzing data from certain CDF pathway tests, such as 
bioaccumulation, is to detennine whether the mean effect of exposure to a 
dredged mate1ial is significantly greater than the mean effect of exposure to a 
reference. Two formal hypotheses underlie the statistical analysis of data in the 
two-sample situation. Let µR denote the mean effect of exposure to a reference 
R, and let µ 0 denote the mean effect of exposure to a dredged material D. Then, 
these two hypotheses are defined as follows: 

OR 

Null hypothesis. 

There is no difference in mean effect between the 
treatment and the reference. 

Alternative hypotheses. 

The mean effect of the treatment is less than the 
mean effect of the reference (e.g., survival in the 
100 percent elutriate is less than survival in the 
control water). 

The mean effect of the treatment is greater than 
the mean effect of the reference (e.g., 
bioaccumulation from the dredged material is 
greater than bioaccumulation from the reference). 

Our hypothesis test will either reject H0 for H 1 (Case 1 or Case 2), or will be 
unable to reject H0 (Case 0). A one-tailed test is used because there is little 
concern about identifying a lesser negative effect from the treatment than from 
the reference. 

In performing the hypothesis test, and in determining the sample size to use 
in the test, the investigator must be aware of the probabilities for two types of 
errors that can occur in the conclusion. Type I errors occur if, after analysis of 
the data, H0 is rejected when it was actually true. In Case l for example, a Type 
I error occurs when it is concluded that the mean effect (e.g., survival) of the 
treatment is less than the mean effect of the reference when, in fact, the true 
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mean effect of the treatment is not less than that for the reference. Type II errors 
occur when H0 is not rejected when it actually should have been rejected (e.g., in 
Case 2, it is concluded that there is no difference in mean effects of the treatment 
and reference when, in fact, the true mean effect of the treatment is greater than 
that of the reference). 

To be environmentally protective in dredged material disposal evaluations, it 
is more important to guard against Type II errors. A Type II error could result in 
inappropriate placement of dredged sediment, while a Type I error could result 
in more costly placement alternatives. The probability of a Type I error is often 
represented by the letter a; the probability of a Type II error is often written as B. 
The significance level or confidence level of a statistical test is 1 - a. The power 
of a test is 1 - B, which is the probability ofrejecting H0 when it should be 
rejected, or in other words, the power to detect true significant differences. For 
example, in Case 2 above, the power is the probability of concluding that the 
mean effect is greater in the treatment than in the reference when, in fact, this is 
true. The types of errors and their associated probabilities are summarized in 
Table L-1. 

Table L-1 
Types of Errors in Hypothesis Testing and Associated 
Probabilities 

True State of Nature 
Hypothesis Test Conclusion Ho True Ho False 

Ho True( do not reject) Correct (probability = 1 - a) Type II Error (probability= r5) 

Ho False(reject) Type I Error (probability = a) Correct (probability = 1 - r5) 

In hypothesis testing, the Type I error rate is usually prespecified (biological 
tests, by convention, generally set a= 0.05, although there is nothing magical 
about this probability). An ideal statistical procedure for hypothesis testing 
seeks to maintain the predetermined a, while minimizing the Type II error rate 
(i.e., maximizing power). It may not be possible to do both, particularly if the 
sample data depart from a nonnal distribution. A test that does well in 
maintaining the predetennined a, regardless of the characteristics of the sample 
data, is considered "robust." Tests included in this Appendix were chosen 
primarily on the basis of power rather than robustness, as the consequences of 
Type II error were considered more severe than those of Type I error. 

Simple formulae for calculating the power of certain statistical tests used in 
this Appendix are presented along with the descriptions of the tests in Sections 
L.2. l. l. l, L.3. l, L.3.2. l, and L.3.2.2. The formulae may be used to calculate the 
sample size required to ensure a specific power of detecting an effect of a given 
magnitude (effect size), assuming that the effect exists. The formulae can also 
be used to calculate the power of a specific sample size to detect a specified 
difference. This latter approach is often more relevant than calculating required 
sample sizes because budget or logistical constraints usually limit the number of 
replicates that can be used in biological tests. This is especially true if the tests 
include expensive chemical analyses such as bioaccumulation tests. 
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L.1.3 Experimental design 

Once the investigator has formulated the null hypotheses to be tested, 
decided upon significance (a) and power (l - B) levels for hypothesis testing, and 
determined the sample size necessary to achieve the desired power, the next step 
is to design an experiment to test the hypotheses. Instructions for setting up and 
conducting toxicity and bioaccumulation experiments are outlined in the CDF 
pathway appendices, but it is important at this point to review the basic 
p1inciples of experimental design. These principles include replication, 
randomization, interspersion, and controls (Hurlbert 1984). 

Replication refers to the assignment of a treatment to more than one experi
mental unit. The number of replicates, as stated earlier, is the sample size for 
that treatment. Recall that an experimental unit or replicate is the test container 
(e.g., beaker, pot, or aquarium), not an individual organism in the test container. 
The number of organisms in the test container is important only in terms of 
constituting an adequate measure of the endpoint being tested (e.g., providing 
sufficient tissue to measure contaminant bioaccumulation). Replication of 
treatments is necessary to control for random error in the conduct of the 
experiment. The pathway appendices include guidelines for minimum number 
of replicates for the various bioassays. However, we strongly recommend 
determining sample size a priori using the power formulae in Sections L.2.1. l. l, 
L.3. l, and L.3.2.2. In many cases, the number ofreplicates necessary for a 
powerful statistical test will be greater than the minimum guidelines. 

Randomization and interspersion refer to the actual placement of experimen
tal units in the laboratory setup. A random numbers table, available in most 
statistical texts, may be used to randomly assign treatments to the experimental 
units. If the randomization does not achieve a reasonable interspersion of 
treatments, e.g., if several experimental units of the same treatment are clumped 
together, then a new randomization should be tried. Randomization and 
interspersion are necessary to control for investigator bias, for initial or inherent 
variability among experimental units, and for variability in environmental 
conditions such as lighting, water flow, etc. 

Replication, randomization, and interspersion all function to control extrane
ous sources of variability in an expe1iment. In addition, control treatment(s) are 
needed to control temporal or procedural vaiiability. In the broadest sense, the 
control treatment is simply the treatment against which the other treatments are 
compared. This is the dilution water (or control water) in acute toxicity testing, 
and the reference in bioaccumulation testing. Laborat01y controls, such as a 
clean sand exposure in bioaccumulation testing, may also be included. Labora
tory controls, if needed, are used for quality assurance, and are not included in 
the statistical analyses. 

Testing in Tier III can in most cases be best accomplished using simple 
experimental designs, either a completely randomized design or a randomized 
complete blocks design. These designs are discussed in most general statistics 
texts. In a completely randomized design, treatments are assigned to experi
mental units randomly over the entire expe1imental setup. A randomized 
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complete blocks design should be used when the experimental units are placed 
on or in several different tables, benches or water baths (i.e., "blocks"). Each 
block holds a certain proportion of the experimental units. Treatments are 
assigned to experimental units randomly within each block, and each block 
contains an equal number of replicates of each treatment. Either of these designs 
is acceptable, providing the principles of replication, randomization, 
interspersion, and controls are followed. Adherence to the principles of 
experimental design ensures that the most basic assumption of statistical 
hypothesis testing, the assumption that treatments are sampled independently, is 
met. 

l.2 Statistical Methods for Water Column Tests 

L.2.1 Water column toxicity tests 

The objective of the analysis of water column toxicity test data is to assess 
the evidence for reduced survival because of the toxicity of suspended plus 
dissolved dredged material constituents. If reduced survival is evident, then the 
median lethal concentration (LC50) or effective sublethal concentration (EC50) of 
the dredged material is calculated from a serial dilution experiment. Figures L-1 
and L-2 provide an overview of water column toxicity test data analysis. Control 
survival must be ;:>90 percent or some other appropriate value, otherwise the test 
must be repeated. At the end of the exposure period, the effects, if any, on the 
survival of the test organisms should be clearly manifest in the 100 percent elu
triate concentration. When the dilutions are prepared with other than control 
water, the dilution water treatment is preferred over the control water for the data 
analysis. If the elutriate survival exceeds the control survival, then the toxicity 
test indicates no adverse impact from the dredged material. 

L.2.1.1 Comparison of 100 percent elutriate and dilution water 

L.2.1.1.1 Methods 

Two-sample t-test. The usual statistical test for comparing two independent 
samples, such as the I 00 percent elutriate and the dilution water in water column 
toxicity tests, is the two-sample t-test (Snedecor and Cochran 1989). The 
t-statistic for testing the equality of means x1 and x2 from two independent 
samples with n1 and n2 replicates is: 

t = (-;;1 - ~)I ~s~aaled (1 I nz + II n1) (L-3) 

where s~001ed, the pooled variance, is calculated as: 

S~aoled =[sf( n1- l) + s~( n2- l)j I ( n1 + nc - 2) (L-4) 

and where s~ ands~ are the sample variances of the two groups. If the sample 
sizes are equal (n1 = n2), then: 
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(L-5) 

The calculated tis compared with the Student t distribution with n1 + n2 - 2 
degrees of freedom. 

The use of Equation L-2 to calculate t assumes that the variances of the two 
groups are equal. If the variances are unequal (see Tests for Equality of 
Variances below), tis computed as: 

(L-6) 

This statistic is compared with the Student t distribution with degrees of 
freedom given by Satterthwaite's ( 1946) approximation: 

(L-7) 

This formula can result in fractional degrees of freedom, in which case one 
should round df down to the nearest integer in order to use a t table. The degrees 
of freedom for the t-test for unequal variances will usually be less than the 
degrees of freedom for the t-test for equal variances. 

Tests of Assumptions. The two-sample t-test for equal variances (and other 
parametric tests such as analysis of variance) is only appropriate if: 

• There are independent, replicate experimental units for each treatment. 

• Each treatment is sampled from a normally dist1ibuted population. 

• Variances for both treatments are equal or similar. 

The first assumption is an essential component of experimental design 
(Section L.1.3. 0). The second and third assumptions can be tested using the data 
obtained from the experiment. Therefore, prior to conducting the t-test, tests for 
nonnality and equality of variances should be performed. In some statistical 
software packages, these tests of assumptions are done in conjunction with t
tests or as part of data summary or screening routines that also provide means, s, 
SE and various diagnostic statistics. 

Outliers (extreme values) and systematic departures from a nonnal 
distribution (e.g., a log-normal distribution) are the most common causes of 
departures from normality and/or equality of variances. An appropriate 
transformation will normalize many distributions. In fact, the arcsine 
transfonnation (arcsine, in radians, off p, where pis the survival expressed as a 
proportion) is so effective, and so frequently necessary, that this Appendix 
recommends applying it automatically to all survival data in the analysis of 
toxicity tests. Problems with outliers can usually be solved only by using 
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nonparametric tests, but careful laboratory practices can reduce the frequency of 
outliers. 

Tests for Normality. The most commonly used test for nonnality for small 
sample sizes ( <50 observations total) is the Shapiro-Wilk's Test. This test 
determines if residuals are normally distributed. Residuals are the differences 
between individual observations and the treatment mean. Residuals, rather than 
raw observations, are tested because subtracting the treatment mean removes any 
differences among treatments. This scales the observations so that the mean of 
residuals for each treatment and over all treatments is zero. The Shapiro-Wilk's 
Test provides a test statistic W, which is compared to values of W expected from 
a normal distribution. W will generally vary between 0.3 and 1.0, with lower 
values indicating greater departure from n01mality. Because n01mality is 
desired, one looks for a high value of W with an associated probability greater 
than the prespecified a level. 

Table L-2 provides a levels to dete1mine whether departures from normality 
are significant. Nonnality should be rejected when the probability associated 
with W (or other normality test statistic) is less than a for the appropriate total 
number of replicates (lv) and design. A balanced design means that all 
treatments have an equal (or nearly equal) number of replicate experimental 
units. For applications in this Appendix, a design may be considered unbalanced 
when the treatment with the largest number ofreplicates (nmax) has at least twice 
as many replicates as the treatment with the fewest replicates (nmi11). Note that 
higher a levels are used when number of observations is small, or when the 
design is unbalanced, because these are the cases in which departures from 
normality have the greatest effects on t-tests and other parametric comparisons. 
If data fail the test for n01mality, even after transformation, nonparametric tests 
should be used (see Nonparametric Tests below). 

Table L-2 
Suggested a Levels to Use for Tests of Assumptions 

Test Number of Observations 1 
a When Design Is 

Balanced Unbalanced' 

N=3to9 0.10 0.25 

Normality N=10to19 0.05 0.10 

N = 20 or more 0.01 0.05 

Equality of Variances 
n = 2 to 9 0.10 0.25 

n = 10 or more 0.05 0.10 
1 N =total number of observations (replicates) in all treatments combined; n =number of 
observations (replicates) in an individual treatment. 
2 nmax ='Z2nmin. 

Tables of quantiles of W can be found in Shapiro and Wilk (1965), Gill 
( 1978), Conover (] 980), USEP A ( 1989) and other statistical texts. These 
references also provide methods of calculating W, although the calculations can 
be tedious. For that reason, computer programs are preferred for the calculation 
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of W SAS can calculate W using the NORMAL option in PROC UNIV ARIA TE 
(see Program WATTOX.SAS in Section L.4.l.l). 

The Kolmogorov-Smirnov (K-S) Test is also an acceptable test for normality 
for small sample sizes, provided that the probabilities developed by Lilliefors 
(1967) are used (Sokal and Rohlf 1981). The SYSTAT NPAR module provides 
the appropriate test, and specifically identifies the test as Lilliefors Test 
(Wilkinson 1990). Other statistical packages providing K-S Tests may not use 
the Lilliefors probabilities, and the package documentation should always be 
checked to determine if the appropriate probabilities are provided. The chi
square (?2

) test for normality can be used for larger sample sizes (e.g., N> 50) 
(Sokal and Rohlf 1981 ). 

Tests for Equality of Variances. There are a number of tests for equality 
of vaiiances. Some of these tests are sensitive to departures from normality, 
which is why a test for normality should be performed first. Bartlett's Test, 
Levene's Test, and Cochran's Test (Winer 1971; Snedecor and Cochran 1989) all 
have similar power for small, equal sample sizes (n = 5) (Conover, Johnson, and 
Johnson 1981 ), and any one of these tests is adequate for the analyses in this 
Appendix. Many software packages fort-tests and analysis of variance 
(ANO VA) provide at least one of the tests. SAS now provides several tests for 
equality of variances, including Levene's and Bartlett's, in the HOVTEST= 
option of the MEANS statement in the GLM or ANOV A procedures. In the 
absence of specific software tests for equality of vaiiances, Levene's Test can be 
performed by comparing the absolute values of residuals between treatments 
using t-tests or ANOV A. 

If no tests for equality of variances are included in the available statistical 
software, Hartley's !1~ax can easily be calculated: 

F max = ( larger of s~ , s~ ) I ( smaller of s~ , s~ ) (L-8) 

When Fmax is large, the hypothesis of equal variances is more likely to be 
rejected. Fmax is a two-tailed test because it does not matter which variance is 
expected to be larger. Some statistical texts provide critical values of F max 
(Winer 1971; Gill 1978 [includes a table for unequal replication, but only for a = 
0.05]; Rohlf and Sokal 1981 ). In the two-sample case, Hartley's Fmax is the same 
as the Folded-For F' test. The F' test is conducted automatically in the SAS 
TTEST procedure. 

Cochran's Test, where C =the largest variance divided by the sum of the 
variances, is also simple to calculate by hand, and is somewhat more powerful 
then Hartley's Ii~ax for small, equal sample sizes (Conover, Johnson, and Johnson 
1981 ). However, tables of critical values of Cochran's Care not available in 
most statistical texts. Winer (197 l) and Dixon and Massey (1983) include a 
table for Cochran's Test, but the tables are limited to tests with equal sample 
sizes. Tables of critical values for tests such as Cochran's C and Hartley's Fmax 
may also be restricted to one or two a levels (usually 0.05 and 0.01). Because of 
the limitations of these tables, computer programs are preferred for tests of 
equality of variances. 
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Levels of a for tests of equality of variances are provided in Table L-2; these 
depend upon number ofreplicates in a treatment (n) and allotment ofreplicates 
among treatments (design). Relatively high a 's are recommended because the 
power of the above tests for equality of variances is rather low when n is small. 
Equality of variances is rejected if the probability associated with the test 
statistic is less than the appropriate a. If the test for equality of variances is 
significant even after transformation, the t-test for unequal (separate) variances 
should be selected rather than the t-test for equal (pooled) variances. 

Nonparametric Tests. Tests such as the t-test, which analyze the original 
or transformed data and which rely on the properties of the normal distribution, 
are referred to as parametric tests. Nonparametric tests, which do not require 
that data be n01mally distributed, generally analyze the ranks of data, comparing 
medians rather than means. The median of a sample is the middle or 50th 
percentile observation when the data are ordered from smallest to largest. In 
many cases, nonparametric tests can be performed simply by conve1ting the data 
to ranks or normalized ranks, and then conducting the usual parametric test 
procedures on the ranks. 

Nonparametric tests are useful because of their generality but may have less 
statistical power than corresponding parametric tests when the parametric test 
assumptions are met. 

\\lhen parametric tests are not appropriate for comparisons because the 
normality assumption is not met, we recommend converting the data to 
normalized ranks (rankits). Rankits are simply the z-scores expected for the rank 
in a normal distribution. Thus, using rankits imposes a normal distribution over 
all the data, although not necessarily within each treatment. Rankits can be 
obtained by ranking the data, then converting the ranks to rankits using the 
following formula: 

rankft = Z [(rank- 0.375) I (N + 0.25)} (L-9) 

where 

z = normal deviate 

N = total number of observations 

For example, the approximate rankit for the sixth lowest value (rank= 6) of 
20 observations would be Z[(6 -0.375)/(20 + o.25)], which is zo.21s or -0.59. 

In SAS, normalized ranks or rankits can be provided in PROC RANK with 
the NORMAL= BLOM option. In SYSTAT and other packages, the ranks must 
be conve1ted to rankits using the formula above (the conversion is a one-line 
command). In some programs the conversion may be more difficult to make, 
especially if functions to provide z-scores for any probability are not available. 
When rankits cannot easily be calculated, the original data may be converted to 
ranks. 
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In comparisons involving only two treatments, there is no real need to test 
assumptions on the rankits or ranks; simply proceed with a one-tailed t-test for 
unequal variances using the rankits or ranks. 

Statistical Power. For a t-test, the basic formula for calculating the sample 
size (number ofreplicate experimental units, n) per treatment necessary to 
provide a specified power (l - B) to detect a given effect size (d) is: 

n = 2 ( t 1-a ,v + t 1-ll ,v f ( s 2 Id 2 ) (L-10) 

where 

v = degrees of freedom ( df) or ( n 1 + n2 - 2) 

ti-a,v = Student t-value for probability l - a and v df 

t1_13,v = Student t-value for probability l - Band v df 

d = the effect size or difference to be detected. 

Recall that B is the probability of committing a Type n en-or. This formula 
for n must be solved iteratively, because an initial value of n must be used to 
determine v. A new n is then calculated using the initial value, and the process 
is repeated until n and v are consistent. The iterative process can be tedious if 
computer programs are not used. It is easier to use the following approximate 
formula (from Alldredge 1987): 

(L-1 l) 

where 

z1_a =normal deviate for l - a 

z1_13 =normal deviate for l - B 

0.25(zL) = con-ection term to increase sample size when n is small 

Calculated n derived from this formula should be regarded as approximate 
for n < 5. Regardless of which formula is used, a fractional n is always rounded 
up to the next integer. 

A useful exercise when sample sizes are fixed because of budget or logistic 
constraints is to calculate the power of the test to detect a specific effect size (d). 
In a test comparing l 00 percent elutriate survival with dilution water survival, d 
is some selected reduction in mean 100 percent elutriate survival from mean 
dilution water survival. Equation L-8 can be rearranged and solved for t1_JJ to 
determine the power: 
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.J;;(d) 
t1-fl,1' = .fi(s) - t1-a,v 

(L-12) 

We then enter a t table at v df and find the column closest to the value of t 1_fl; 

power "" l - P, where Pis the probability for that column. SAS can calculate 
power more exactly using the PROBT function for t 1_fl and v df. Note that t
values can be used because both n and v are known. One can also calculate the 
difference that can be detected for any given power and sample size: 

d = ( t1-r,,v + f1-fl,v )~2:/ln (L-13) 

The simplest power to use is 0.50, because then t 1_fl = 0. Many computer 
programs will provide this difference, usually refelTed to as the "minimum sig
nificant difference," "least significant difference," or some similar term. The 
term "average detectable difference" would also be applicable, as this is the 
difference we expect to be able to detect 50 percent of the time. In this Appen
dix, we recommend reporting the minimum significant difference or some other 
indication of power along with the results of statistical analyses. If power is 
consistently and regularly reported, investigators will gain an appreciation of the 
strengths and limitations of vaiious toxicity tests and analyses. 

If values are transformed prior to analyses, all power calculations should be 
done on the transformed scale. In the case of arcsine-transformed survival, a 
constant effect size don the percentage or proportion scale will not be constant 
on the arcsine scale, because the latter scale spreads out high and low values. 
Therefore, a reference survival must be specified and arcsine-transformed, and 
the effect size also transformed to a difference on the arcsine scale. For 
example, suppose we wanted to calculate the power of a t-test to detect a 25 
percent reduction in survival from the reference. A reasonable reference 
survival (e.g., 90 percent) would be specified and arcsine-transformed (=l .249). 
We would also arcsine-transform a 25 percent reduction (=65 percent survival or 
0.938 after transformation). The differenced would then be 1.249 - 0.938 or 
0.311, and that value would be used in power calculations. Experimentation 
with arcsine-transformed data will rapidly reveal that toxicity tests are more 
powerful, in terms of the size of differences that can be detected on the original 
(untransformed) scale, when reference survival is higher. In other words, we are 
more likely to detect a 25 percent reduction in survival if reference survival is 90 
percent than ifreference survival is 75 percent. This is precisely what happens 
in real toxicity tests, which is why the arcsine transformation is used for survival 
data. 

Simple formulae for calculation of sample size or power are not available for 
the tests of assumptions recommended in this Appendix. 

L.2.1.1.2 Analysis of example data. 

Table L-3 contains example data from a 96-hr water column toxicity test 
using a dilution water and a dredged-sediment elutriate at four serial dilutions. 
In this example, control (laboratory) water was also used for dilutions, and no 
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separate control was necessary. In other cases, the dilution water may be 
receiving water and a separate laboratory control would be required. Analysis of 
this example data will be conducted using the decision tree in Figure L-1. 
Numbers in parentheses in the text refer to numbered nodes of the decision tree. 
The SAS program W ATTOX and complete results for water column toxicity test 
data analyses are provided in Section L.4. l; some additional analyses were 
conducted using SYST AT programs. 

Means (1) and SE for the survival data are provided in Table L-3. Overall 
mean survival in the control(= dilution) water was 98 percent, indicating that the 
test was acceptable (2). The statistical comparison of 100 percent elutriate sur
vival and dilution water survival was then conducted because the 100 percent 
elutriate survival was at least 10 percent lower than the dilution water survival 
(3). The next step was to arcsine transform the survival proportions for the 
dilution water and 100 percent elutriate treatments ( 4). 

Tests of Assumptions. Following arcsine transformation, the data were tested 
for normality ( 5) to determine whether parametric or nonparametric procedures 
should be used. Table L-4 provides the results of tests for nonnality and equality 
of vaiiances for the example data. The value of Shapiro-Wilk's W for the 
arcsine-transformed data was 0.846, with associated probability (P) = 0.051. 
Because this value of P exceeds 0.05 (a level from Table L-2, N = 10, balanced 
design), we conclude that the data do not depart significantly from the normal 
distribution (5), and we now examine the results of the tests for equality of 
variances ( 6). 

Table L-3 
Number of Survivors in a Hypothetical Water Column Toxicity Test 
after 96 hr 

Treatment1 

Dilution 
Replicate2 Water3 10- - --

' 
1 20 6 8 12 17 

2 19 7 8 18 17 

3 20 9 9 15 18 

4 20 5 10 14 16 

5 19 8 11 13 18 

Total 98 35 46 72 86 

Mean 
19.6 7.0 9.2 14.4 17.2 
(98 percent) (35 percent) (46 percent) (72 percent) (86 percent) 

SE 0.24 0.71 0.58 1.03 0.37 
1 Percent concentrations of dredged-material elutriate: 
100 percent = 1 part elutriate plus 0 part dilution water 
50 percent= 1 part elutriate plus 1 part dilution water 
25 percent= 1 part elutriate plus 3 parts dilution water 
12.5 percent= 1 part elutriate plus 7 parts dilution water. 
2 20 organisms per replicate at initiation of test. 
3 In this example, the dilution water was control (laboratory) water. 
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Bartlett's Test (from SYSTAT) and F' both indicated that the variances of 
arcsine-transformed data were not significantly different for the two treatments, 
with P > 0.10 (a level from Table L-2, n = 5, balanced design). Thus, on the 
basis of these tests, we would proceed with at-test for equal variances (7). 

Two-sample t-tests. Table L-4 provides the results oft-tests for equal (7) 
and unequal variances ( 8). The t-test for equal variances indicated that survival 
in the 100 percent elutriate was significantly (P < 0.05) less than in the dilution 
water (9). If the data had been n01mally distributed with unequal variances, the 
t-test for unequal variances would have been used. With the example data, both 
test results are the same, but this will not always be the case. 

Nonparametric Test. Nonparametric tests would generally not be 
performed on these data because the sample data did not depart significantly 
from a normal distribution. However, the data were converted to rankits (10), 
and a t-test for unequal variances (11) was conducted on the rankits (SAS Pro
gram WA TTOX) for illustrative purposes. The t-test indicated that median 
survival in the 100 percent elutriate was significantly lower than in the dilution 
water (Table L-4). 

Statistical Power. The difference in survival between the I 00 percent 
elutriate and the dilution water was so large (63 percent) that it was easily 
detected (declared significant), even though there were only five replicates per 
treatment. The power of at-test to detect such a large decrease in survival (d = 
0.848 on the arcsine scale) when n = 5 ands= 0.1055 (also on the arcsine scale) 
is >0.99. However, it is reasonable to ask if n = 5 is adequate for detecting 
smaller differences. For example, what sample size would be required to pro
vide a 0.95 chance (1 - J3 = 0.95; zl- J3 = 1.645) of detecting a reduction of 
survival to 80 percent, with a= 0.05 (zl-a = 1.645)? In the example data, mean 
arcsine-transformed dilution water survival was 1.4806 (99 percent survival; 
back-transformation of means of transformed values will not be the same as 
means based on original data, although the difference is trivial in this case); the 
arcsine-transformed value for 80 percent survival is 1.1071, giving a reduction 
(d) of 0.3736 on the arcsine scale; and the pooled s was 0.1055. Using 
Equation L-14: 

n = 2(1.645+1.645 f (0.1055 2/0.J736 2
) +0.25(1.6452

) = 2.40 (L-14) 

Rounding up gives n = 3. A more exact iterative computer program 
(SYSTAT DESIGN) based on t-values (Equation L-13) also yields n = 3. The 
sample size required for a 0.95 probability of detecting a reduction in survival to 
90 percent is n = 6, again calculated with the iterative program. The minimum 
significant difference (i.e., the difference we have a 0.50 probability of 
detecting) when n = 5 is t095 ,8(2s2/n)v' or l.86[2(0.1055 2/5)f' = 0.1241. Sub
tracting that from the mean transformed dilution water survival, and back
transforming gives 95.5 percent survival. In other words, given the example 
data, the test can be expected to detect a reduction in survival from "'99 percent 
to "'95-96 percent approximately half the time. 
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Table L-4 
Tests of Assumptions and Hypothesis Tests on Arcsine
Transformed Water Column Toxicity Test Example Data 
Null Hypothesis: Mean 100 percent Elutriate Survival Equals Mean Dilution Water Survival 1 

Test 
Test Statistic Probability, P a Conclusion 

Normality Assumption: 
W= 0.846 0.051 0.05 Do not reject 

Shapiro-Wilk's Test 

Equality of Variances Assumption: 
Bartlett's Test F= 0.5 0.47 0.25 Do not reject 
F? Test F? = 2.18 0.468 0.25 Do not reject 

Null Hypothesis: 
t-Test (egual variances) t = 12.734 <0.0001 0.05 Reject 
t-Test (unequal variances) t = 12.734 <0.0001 0.05 Reject 
t-Test on rankits (unequal variances) t = 4.631 0.0010 0.05 Reject 

When dilution water survival is near l 00 percent and variation among 
replicates is low, as with the example data, a test with n = 5 replicates may be 
too powerful. In many cases, we would declare survival of ::> 90 percent in the 
100 percent elutriate significantly lower than in the dilution water, yet that same 
::>90 percent survival would be acceptable for the dilution water. For this reason, 
if survival in the l 00 percent elutriate is not at least 10 percent lower than in the 
dilution water, the difference should not be considered significant and no 
statistical tests need be performed. It is important to remember that a 
statistically significant difference is not necessarily biologically significant (and 
vice versa). If dilution water survival were lower, say 90 percent instead of 
98 percent, ands remained the same, the t-test would have less power. For 
example, n = 13 would be required to provide a 0.95 probability of detecting a 
reduction in survival in the I 00 percent elutriate to 80 percent. Much higher 
standard deviations can also be expected in many toxicity tests. 

The SAS program W ATTOX (Section L.4.1) provides minimum significant 
difference and power of a t-test. Power is determined for l 0, 20, 30, 40 and 
50 percent reductions in true population survival from the mean dilution water 
survival. 

L.2.1.2 Calculating median lethal concentration 

In water column toxicity tests, the median lethal concentration, i.e., concen
tration lethal to 50 percent of the test organisms (LC50), is calculated when 
100 percent elutriate survival is significantly lower than dilution water survival. 
Steps and decisions in the LC50 detennination are shown in the decision tree in 
Figure L-2. Numbers in parentheses in the text refer to numbered nodes of the 
decision tree. 

Ideally, data for at least five elutriate concentrations should be available to 
calculate an LC50, although most methods desc1ibed below can be used for fewer 
concentrations. The control or dilution water survival is not included. Survival 
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in the lowest elutriate concentration must be at least 50 percent (J); otherwise 
the test must be repeated using lower concentrations (2). An LC50 should not be 
calculated unless at least 50 percent of the test organisms die in at least one of 
the serial dilutions (3). If there are no mortalities greater than 50 percent, then 
the LC50 is assumed to be ::> l 00 percent elutriate ( 4). 

If the conditions in (1) and (3) are met, then replicate mortality data for each 
concentration are pooled (5) for calculation ofLC50 (6). The Probit method (7) 
can be used if the data meet the requirements of the Pro bit method listed below 
and fit the probit model (8). The Trimmed Speannan-Karber (TSK) and Logistic 
methods (described below) are acceptable substitutes for the Probit method, 
provided that these data meet the requirements of these alternative methods. If 
these data do not meet the requirements of the Pro bit method or alternatives, 
then the Linear Interpolation method should be used (9). When an LC50 value 
has been detennined, l percent of that value is entered into the mixing model 
( 10) provided in Appendix E for mixing zone evaluation. 

Calculation of LC50 values is also recommended for reference toxicant tests 
to determine the relative health of the organisms used in toxicity and bioaccumu
lation testing. 

L.2.1.2.1 Methods for calculating LC50 

Stephan (1977) and Gelber et al. (1985) provide careful reviews of LC50 

estimation procedures. In addition, USEP A ( 1985) discusses in detail the 
mechanics of calculating LC50 using various methods and contains, as an 
appendix, computer programs for each statistical method. The most commonly 
used methods are the Probit, Trimmed Spearman-Karber (TSK) and Linear 
Interpolation. This Appendix recommends use of the Pro bit, TSK or Logistic 
methods if the data are appropriate; otherwise the Linear Interpolation method 
may be used (Figure L-2). In general, results from different methods should be 
similar. Programs commonly used to calculate LC50 are PROBIT, developed for 
and available from the USEP A (Environmental Monitoring and Support Labora
tory, Cincinnati, OH), and several programs developed by Dr. C.E. Stephan, the 
USEP A Environmental Research Laboratory, Duluth, MN. SAS program 
statements for the Probit procedure are included in W ATTOX (Section L.4. l ). 

Pro bit. The Pro bit method is based on regression of the pro bit of mortality 
on the log of concentration. A probit is the same as a z-score; for example, the 
Probit corresponding to 70 percent mortality is z0.70 or :::e0.52. The LC50 is 
calculated from the regression, and is the concentration associated with z = 0 
(m01tality = 50 percent). The Probit method can be used whenever the following 
conditions are met: 

• There are at least two concentrations with partial mortality (i.e., >O and 
<100 percent). 

• These data points fit the probit regression line reasonably well. 
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Figure L-2. LC50 decision tree 

Appendix L Statistical Methods 

ED_013073_00000029-00293 

REPEAT TEST USING 
LOWER CONCENTRATIONS 

. ··>'·.·.··.·.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.• ..... -------~ 

l21 



L22 

The first condition is necessary because the regression line is estimated from 
the partial mortalities. The second condition, called goodness-of-fit, can be 
tested by the ?2 statistic, which is a measure of the distance of the data points 
from the regression line. A low ?2 indicates a good fit. By convention, the fit is 
considered adequate if the P-value for ?2 is >0.05 (in other words, goodness-of
fit is rejected if P:0:0.05). If the P-value is not provided, the goodness-of-fit ?2 

should be compared against tabled values with k - 2 df, where k is the number of 
partial m01talities. If there are only two partial m01talities (k = 2), then there are 
0 df, and the goodness-of-fit cannot be tested (i.e., a line between two points is 
always a perfect fit). When there are only two partial m01talities, the LC50 is 
identical to the LC50 which would be calculated by Linear Interpolation (see 
below) with mortality expressed on a probit scale. Goodness-of-fit can also be 
assessed by eye, if the data are plotted on log-pro bit paper, or if the computer 
program provides a plot. 

The SAS probit procedure (PROC PRO BIT) provides a goodness-of-fit ?2 

and its associated P-value if the LACKFIT option is specified. Model-predicted 
mortalities can also be plotted against observed mortalities to assess model fit. 
The INVERSECL option provides an estimate of LC50 as well as other effects 
concentrations ranging from LC 1 to LC99. 

Logistic Method. The Logistic method is similar to the Probit method 
except that mortalities are converted to logits rather than probits. A logit is log 
[M/(100 - M)], where Mis percent mortality. The LC50 is derived from a 
regression of logits on log concentration. As with the Pro bit method, the 
Logistic method can be used whenever there are two or more partial mortalities, 
and the data fit the regression line. SAS PROC PROBIT can calculate LC50 

using the Logistic method by specifying the D=LOGISTIC option in the model 
statement. 

Trimmed Spearman-Karber (TSK) Method. The TSK method is a 
nonparametric method that can be calculated by hand using the procedure in 
Gelber et al. (1985). The calculations can be tedious, especially for processing 
large numbers of tests, and computer programs are usually used. The method is 
labelled "trimmed" because extreme values (mortality much higher or lower than 
50 percent) are "trimmed" or removed prior to calculation of the LC50. Thus, the 
LC50 is calculated using points near 50 percent mortality, which may produce a 
more robust estimate. The TSK method can be used in many cases where the 
Pro bit method is unsuitable. Access to appropriate computer programs and 
difficulties in deciding what values to tlim are probably the major factors 
limiting widespread use of the TSK method. Investigators with access to reliable 
programs should not hesitate to use the TSK method whenever there are two or 
more partial mortalities. Infonnation concerning TSK computer programs may 
be obtained from the USEP A Environmental Research Laboratories in Athens, 
GA, or Duluth, MN, or CSC/USEP A, Cincinnati, OH. 

Linear Interpolation Method. The Linear Interpolation method should be 
used when: 

• There are 0 or 1 partial mortalities. 
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• The data do not fit the Pro bit (or Logistic) models. 

The Linear Interpolation method should also be used when LC50s are 
calculated and compared over an extended time se1ies (i.e., for tracking reference 
toxicant results), because inevitably, one or more data sets will fail to meet the 
requirements for the Probit, TSK, or Logistic methods. Linear Interpolation may 
also be used if programs for the other methods are unavailable, but we strongly 
recommend that investigators have programs available for one or more of the 
other methods. 

The Linear [nterpolation method calculates an LC50 by interpolation between 
the two concentrations with mortality nearest to, and on either side of 50 percent. 
The interpolation is made on a log concentration scale, using the following 
formula: 

-, ·z (50- ML)( logC uJ + (Mu - 50)(logCL) LC 50 = antz og------~-------~~ (L-15) 
Mu-ML 

where 

CL = concentration with mortality nearest to and below 50 percent 

Cu= concentration with m01tality nearest to and above 50 percent 

ML = percent mortality at CL 

Mu= percent mortality at Cu. 

If there are no partial mortalities, the formula simplifies to: 

(L-16) 

For the example data given in Table L-3, CL= 25 percent elutriate 
(log= 1.398); ML= 28 percent mortality; Cu= 50 percent elutriate (log= 1.699); 
and Mu= 54 percent m01tality. Therefore: 

.
1 

(50- 28) (1.699) +(54 - 50) (1.398) 
LC = antz og-------------

m 54-28 

or 44.9 percent. 

(L-17) 

The formula and example given above express mortality on an arithmetic 
(untransformed) scale. Some computer programs or investigators may use 
arcsine-transformed mortalities (Stephan 1977; see Section L.2. l.1.1, Tests of 
Assumptions). One could also express mortality on a probit or logit scale, if 
there were one partial mortality on each side of 50 percent. In those cases, the 
Linear Interpolation should produce the same LC50 estimate as the Probit or 
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Logistic methods. In this manual, we recommend the use of untransformed 
mortality for simplicity and consistency. However, LC50 estimates using other 
scales can easily be calculated for compaiison. 

L.2.1.2.2 Analysis of example data 

The data from Table L-3 were analyzed using several different LC50 

methods, including the Probit procedure in the SAS program WATTOX 
(Section L.4. l.] ). In the Probit output (Section L.4.] .2), the chi-square 
goodness-of-fit statistic (shown in bold) is not significant (?2 = l.7558, P = 
0.4157), indicating acceptable fit to the Probit model (i.e., no significant lack of 
fit). The LC50 is obtained from the second output table of probabilities, where 
probability= 0.50 (shown in bold). Other lethal effects concentrations may be 
obtained from the same table, e.g., LC10 or LC5 . The SAS Probit plot of 
observed and predicted mortalities is given in Figure L-3. 

Table L-5 provides LC50 estimates calculated by several different methods 
using the example data in Table L-3. The data from the five replicates for each 
concentration may be pooled and entered as the number responding (dying) out 
of 100. Because pooling over replicates ignores any additional variance in 
survival among replicates (i.e., beyond the expected error.from sampling the 
binomial distribution), the confidence limits provided by the programs may not 
be accurate and should not be reported or used. Because the LC50 is required 
only for use in the mixing model (Appendix H), confidence limits are not 
needed. 

Table L-5 
Calculated LC50 Values for Example Water Column Toxicity Test 
Data 
Method LCso Estimate (percent v/v) 

Pro bit 52.6 

Linear Interpolation - untransformed mortality - 44.9 
arcsine-transformed mortality 45.1 

Trimmed Spearman-Karber 48.4 

Logistic 52.6 

The Probit LC50 was calculated with the EPA PR OBIT program and was 
almost identical to the Logistic LC50 calculated using the SYSTAT LOGISTIC 
program (the same estimates are obtained using the SAS PROBIT procedure). 
The LC50 estimated by Linear Interpolation, with untransformed mortality, was 
almost identical to the LC50 calculated using arcsine-transformed mortality. The 
TSK LC50 was calculated using a program modified from an original program 
described in Hamilton, Russo, and Thurston (1977), and was intermediate 
between the Linear Interpolation and regression (Probit and Logistic) estimates. 
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Figure L-3. SAS probit plot of water column toxicity test example data 

The various estimates in Table L-5 differed by up to 7. 7 percent elutriate, 
which is not unusual or alarming. The Probit or Logistic LC50 would be the 
preferred estimate, because the regression lines fit the data well, and the 
regression methods use more of the data in such cases. However, any of the 
estimates would be adequate for use in the mixing model in Appendix H, 
because the imprecision and uncertainty involved in the model calculations and 
estimates are undoubtedly far greater than the differences among the LC50 

estimates. 

Acute toxicity endpoints other than 0.01 *LC50 can be considered for use in 
the mixing model. These endpoints include low toxic effects concentrations 
such as LC 10 (Moore and Caux 1997; Scholze et al. 2001); the No Observed 
Effects Concentration (NOEC) (Capizzi et al. 1985); and the Inhibition 
Concentration ICP, where p is a percent reduction from control response (USEP A 
1994). 

L.2.2 Linear regression 

Linear regression may be needed to characte1ize the site-specific relationship 
between suspended solids and turbidity in effluent pathway testing. The 
regression equation is used to predict suspended solids concentrations from 
turbidity measurements. Linear regression may also be used to calculate the 
contaminant distribution coefficient (Kl) in the sequential batch leach test for 
leachate evaluation. Kd is the slope of the linear regression of leachate 
concentrations versus sediment concentrations of a contaminant of concern for 
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each leach cycle. Linear regression is generally calculated using the method of 
least squares and follows the form 

Y=aX+b 

where 

Y = dependent or response variable 

X = independent or predictor variable 

a =slope 

b = Y-intercept 

Linear regression assumes the following: 

• Y values are statistically independent of one another. 

• Relationship between Y and Xis linear. 

• Variance of Y is the same for any X (homoscedasticity ). 

• For any fixed value of X, Y has a normal distribution. 

As in hypothesis testing, satisfying these assumptions (especially the 
assumption of linearity) may require using a data transformation. 

(L-17) 

Linear regression may be performed using any general-purpose statistical 
package; many hand calculators also include regression functions. Data should 
always be plotted first in a scattergram to visually inspect for a functional 
relationship between the two variables. When regression is used to characterize 
the relationship between suspended solids and turbidity, it may be necessary to 
use a nonlinear regression model, or to calculate a linear regression only for a 
lower, linear portion of the data. Investigators should refer to Thackston and 
Palermo (2000) (http://www.wes.anny.mil/el/dots/doer/pdj!doere8.pdf) for 
instructions on performing the regression analysis. 

When a statistical package is used to calculate the regression analysis, the 
strength and validity of the relationship between Y and X can be evaluated by 
examining the regression output for the F statistic and its associated P-value, and 
for the R2 statistic. The P-value of F determines the probability that the 
regression coefficient (slope) is significantly different from zero, given the above 
assumptions. P-values > 0.05 indicate that no significant linear relationship 
exists between the two variables. R2 or coefficient of determination is the 
proportion or percent of the variability in Y that is explained by X Like the 
correlation coefficient r, strong relationships are indicated by coefficients 
approaching l (or l 00 percent); conversely, low values of R2 signify weak or 
nonexistent relationships. 
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L.3 Statistical Methods for Bioaccumulation 

Bioaccumulation tests are applied to determine whether exposure to dredged 
material is likely to cause an elevation of contaminants in plant or animal tissues 
compared with exposure to a reference. Bioaccumulation tests may be 
conducted in the laboratory or in the field. 

Situations may arise, particularly in the evaluation of plant or animal 
contaminant uptake, where several sites, treatments, or dredged sediments are 
simultaneously compared with a reference or control. If only one treatment is 
compared to the reference, then the procedures described in Section L.2.1.1.1 
(tests of assumptions followed by at-test using a transformation or rankits if 
necessaiy) for comparing two samples are used. If more than one treatment is 
compared to the reference, then the procedures described below (tests of 
assumptions followed by LSD, t-tests, or nonparametric equivalents) are used. 
These analyses assume that individual sites are relatively large, and that a 
decision concerning any particular site based on pathway testing results will be 
made independently for each site. 

Because contaminant concentration data are not easily expressed as propor
tions, the arcsine transformation is not appropriate. The raw data are analyzed 
first and, if necessary, a transformation may be employed. Contaminant concen
tration data often follow a lognormal distribution so the logaiithmic (either 
natural or base 10) transformation is frequently used, but other transformations 
such as square root are possible. As always, tests of assumptions must be rerun 
on the data following transformation. If the transformed data violate the normal
ity assumption, the data are converted to rankits (or ranks) and the assumptions 
are retested. 

L.3.1 Methods for multiple comparisons 

Fisher's Least Significant Difference (LSD). Fisher's Least Significant 
Difference (LSD) is appropriate for assessing differences in bioaccumulation 
when more than two means are being compared. This a posteriori parametric 
multiple compaiison technique is discussed in many statistical texts, e.g., Steel 
and Torrie (1980); SAS Institute, Inc. (l990c); Snedecor and Cochran (1989); 
and Wilkinson (1990). The LSD controls the pairwise Type I error rate rather 
than the experimentwise Type I error rate. This means that when the test 
assumptions are met, the Type I error rate for each comparison is held to the 
preset a even though the overall Type I error rate for all comparisons (i.e., 
experimentwise error rate) may be higher. A test that controls the pairwise error 
rate is appropriate when decisions are to be made independently for each test site 
regardless of how many sites are compared to the same reference. In situations 
where rigorous control of experimentwise Type I error rate is important, e.g., if 
decisions will not be made independently for each test site, Dunnett's test would 
be preferred to the LSD test. 

The LSD is usually performed in conjunction with analysis of variance 
(ANO VA), and only ifthe data meet the assumptions of normality and equal 
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variances. The ANOVA is conducted primarily to provide the mean square error 
(MSE), which is an estimate of the pooled variance across all treatments. The 
ANOV AF-statistic and its associated probability are ignored in this application. 

The test statistic for the LSD is t, calculated in much the same way as for a t
test: 

(L-18) 

This t-statistic is compared against the distribution of Student's t with N - k 
degrees of freedom, where N is the total number of observations (Sn) and k is the 
number of treatments including the reference. A I-statistic is computed for each 
possible pair of treatments in the analysis but comparisons other than with the 
reference are ignored. 

The MSE can be calculated as: 

MS~= 'i[ sf( ni -1)] I 'i( ni-1) (L-19) 

where s? and ni are the variance and number of replicates for the ith treatment. 
The term S(ni - 1) is equivalent to N - k. 

If sample sizes are equal, then (from Equation L-14): 

MSE (lln 1 +lln3 )=2MSE/n (L-20) 

The major advantage of using the LSD as opposed to conducting individual 
two-sample t-tests comparing each dredged sediment to the reference is that the 
MSE is a better estimate of the true population vaiiance than the pooled variance 
calculated from only two samples. Consequently, the LSD test is more powerful, 
as reflected in the greater df for the calculated t. It also follows that a pooled 
variance should only be calculated, and the LSD test conducted, if the variances 
for all treatments are not significantly different from each other. 

Tests of Assumptions. The Shapiro-Wilk's Test described in Sec-
tion L.2.1.1.1 can also be used to test for normality when more than two 
treatments are compared. If the data are not normally distributed, even after an 
approp1iate transformation, then nonparametric tests should be used (see 
Nonparametric Tests below). 

Bartlett's Test, Levene's Test, Fmax, or Cochran's Test can be used to test for 
equality of variances. When there are more than two samples, Fmax is equal to 
the largest variance divided by the smallest variance. If variances are 
significantly unequal, even after transformation, then each dredged sediment 
should be compared with the reference using two-sample t-tests. 

Nonparametric Tests. When parametric tests are not appropriate for 
multiple comparisons because the normality assumption is violated, the data 
should be converted to rankits, and the rankits should be tested for normality and 
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equality of variances. If these assumptions are not violated, an LSD test is then 
performed on the rankits (Conover 1980, refers to this as van der Waerden's 
Test). Tests performed on rankits are robust to departures from normality and 
can still be used when the normality assumption is violated. Rankits will rarely 
fail tests for n01mality, partly because a normal distribution is imposed over the 
entire data set. The rankit data may fail the test for equality of vaiiances, but 
then t-tests can be conducted for each treatment - reference comparison. If 
rankit-transfonned data fail normality tests, it is probably safest to use the t-tests 
for unequal vaiiances, as some tests for equality of variance are not robust when 
data are nonnormal. 

When rankits cannot be easily calculated, the 01iginal data may be converted 
to ranks (using SAS PROC RANK, for example). Equality of variances should 
be tested after the data are ranked. There is a common misconception that 
nonparametric tests can be used when variances are not equal as well as when 
data are not nonnally distributed. However, nonparametric tests are not very 
robust if the variances of the ranks are not similar among treatments. Bartlett's 
Test should not be used to test equality of variances ofranks, as ranks will 
follow a uniform, rather than a normal dist1ibution, and Bartlett's Test is unduly 
sensitive to nonnormality. Other tests discussed in Section L.2. l. l. l, Tests for 
Equality of Variances, may be used on ranks; there are also nonparametric tests 
for equality of vaiiances provided by Conover ( 1980). 

If the variances of the ranks are not significantly different, the Conover 
T-Test (Conover 1980) should be performed. This test can most easily be con
ducted by performing an LSD test on the ranks. If the variances of ranks are 
significantly unequal, a one-tailed t-test for unequal variances should be 
performed (using ranks) for each treatment - reference comparison. 

Dunn's Test, as described in Hochberg and Tamhane (1987), is an acceptable 
nonparametric alternative to the Conover T-Test or the LSD on rankits. 

Statistical Power. Power calculations for the LSD test are the same as for 
the t-test (Equation L-8), except that the degrees of freedom for ti-a and t1-1J are N 
- k, and A1SE replaces s2: 

n = 2 (t1-a.v + t1-ii.v f (MSEI d 2) (L-21) 

If the z-approximation (Equation L-9 with MSE replacing s2) is used to 
calculate samples size, the result will be a slight overestimate, although the 
overestimation is rarely of practical importance. Finally, the minimum 
significant difference should be reported for LSD tests. Note that the test is 
named the Least Significant Difference because another way to conduct the test 
is to compare the observed differences to the minimum significant difference. 

If power (1 - 13) is low because of high variability or small sample size, one 
effective method of increasing power is to increase the number of reference 
replicates rather than increase the sample size for each treatment. It is even 
possible to increase power without increasing overall sample size by increasing 
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sample size for the reference, and decreasing sample size for the test sites. The 
optimal apportionment of replicates is to make the sample size for the reference 
fk times the sample size for the test sites (Dunnett 1955). Increasing sample 
size for the reference is effective because the reference is involved in every 
comparison, whereas the test sites are involved in only one comparison each. 

L.3.2 Analysis of example data 

Table L-6 presents example results for one contaminant from a hypothetical 
laboratory bioaccumulation test, in which animals were exposed to a reference 
sediment and to three different dredged sediments. Chemical analysis of the 
tissue samples from each replicate shows that concentrations of the example 
contaminant varied among and within treatments. Two types of analyses may be 
performed on the tissue contaminant concentration data: 

• Comparisons between each dredged sediment treatment and the 
reference. 

• Comparisons with an action level when applicable. 

Computer procedures for statistical analysis of bioaccumulation data are 
given in SAS program BIOACC (Section L.4.2). 

Table L-6 
Results from a Hypothetical Bioaccumulation Test, Showing 
Contaminant Concentrations {µg/g) in Tissues of Animals 
Exposed to Different Treatments 

Treatment 

Reference Sediment 1 Sediment2 

1 0.06 0.16 0.24 0.13 

2 0.05 0.19 0.10 0.05 

3 0.05 0.18 0.13 0.17 

4 0.08 0.22 0.18 0.08 

5 0.09 0.31 0.30 0.22 

Mean 0.066 0.212 0.190 0.130 

SE 0.008 0.026 0.036 0.030 

L.3.2.1 Comparisons with a reference sediment 

Analysis of the example data follows the decision tree steps in Figures L-4a 
and 4b, with numbers in parentheses in the text referring to numbered nodes of 
the decision trees. The objective of this type of analysis is to determine whether 
organisms exposed to the dredged material accumulate greater tissue 
contaminant levels than organisms exposed to the reference. One-sided tests are 
appropriate because there is little concern if bioaccumulation from dredged 
material is less than bioaccumulation from the reference. If mean tissue 
concentrations of contaminants of concern in organisms exposed to dredged 
material are less than or equal to those of organisms exposed to the reference (1), 
no statistical analysis is required. 

Appendix l Statistical Methods 

ED_013073_00000029-00302 



The data in Table L-6 were analyzed using SAS program BIOACC 
(Section L.4.2), and the results are reported in Tables L-7 and L-8. The 
probability value for Shapiro-Wilk's Test (2) was >0.01 (a level in Table L-2 for 
N = 20, balanced data), indicating no significant departure from normality. If the 
raw data had failed the normality test, then a log transformation (3) would be 
applied and the Shapiro-Wilk's Test rerun (2). If the log-transfonned data still 
departed significantly from normality, then nonparamet1ic hypothesis testing 
procedures would be performed (Figure L-4b ). 

The P-value for Levene's Test (4) was >0.10 (a level in Table L-2, n = 5, 
balanced data), indicating that assumption of equality of vaiiances need not be 
rejected for the raw data. If the variances had been significantly unequal, a log 
transformation would have been applied (3) and the tests of assumptions (2,4) 
rerun. Data that passed the nonnality test but failed the test for equality of 
variances would be analyzed using at-test for each dredged sediment - reference 
sediment compaiison (5). 

Table L-7 
Tests of Assumptions and Parametric Hypothesis Tests on 
Untransformed and Log 10-Transformed Bioaccumulation Example 
Data 

Normality Assumption: 
Shapiro-Wilk's Test 
Untransformed data W= 0.958 0.511 0.01 Do not reject 
Log-transformed data W= 0.980 0.921 0.01 Do not reject 

Equality of Variances Assumption: 
Levene's Test 
Untransformed data F= 2.15 0.134 0.10 Do not reject 
Log-transformed data F= 2.19 0.129 0.10 Do not reject 

Null Hypotheses: 
Sediment 1 = Reference 
LSD Test 
Untransformed data t = 3.76 0.0028 0.05 Reject 
Log-transformed data t = 4.45 0.0011 0.05 Reject 
t-Test (unequal variances) 
Untransformed data t = 5.30 0.0020 0.05 Reject 
Log-transformed data t = 7.04 <0.0001 0.05 Reject 

Sediment 2 = Reference 
LSD Test 
Untransformed data t = 3.20 0.0063 0.05 Reject 
Log-transformed data t = 3.84 0.0025 0.05 Reject 
t-Test (unequal variances) 
Untransformed data t = 3.33 0.0129 0.05 Reject 
Log-transformed data t = 4.34 0.0020 0.05 Reject 

Sediment 3 = Reference 
LSD Test 
Untransformed data t = 1.65 0.0688 0.05 Do not reject 
Log-transformed data t = 2.20 0.0295 0.05 reject 
t-Test (unequal variances) 
Untransformed data t = 2.03 0.0523 0.05 Do not reject 
Log-transformed data t = 1.98 0.0495 0.05 Reject 
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Table L-8 
Tests of Assumptions and Nonparametric Hypothesis Tests on 
Bioaccumulation Example Data Converted to Rankits and Ranks 

Null Hypothesis: Median Dredged Material Bioaccumulation 
Equals Median Reference Bioaccumulation 

Test Probability 
II Test Statistic p a -

Normality Assumption: 
Shapiro-Wilk's Test (rankits) W= 0.972 0.791 0.01 Do not reject 

Equality of Variances Assumption: 
Levene's Test (rankits) F= 0.61 0.621 0.10 Do not reject 

(ranks) F= 1.57 0.236 0.10 Do not reject 

Null Hypotheses: 
Sediment 1 = Reference 
LSD Test (rankits) t = 3.87 0.0024 0.05 Reject 
t-Test (rankits, unequal variances) t = 4.69 0.0011 0.05 Reject 
Conover T-T est t = 4.14 0.0016 0.05 Reject 
t-Test (ranks, unequal variances) t = 6.18 0.0003 0.05 Reject 

Sediment 2 = Reference 
LSD Test (rankits) t = 3.32 0.0053 0.05 Reject 
t-Test (rankits, unequal variances) t = 3.76 0.0040 0.05 Reject 
Conover T-Test t = 3.54 0.0038 0.05 Reject 
t-Test (ranks, unequal variances) t = 3.95 0.0046 0.05 Reject 

Sediment 3 = Reference 
LSD Test (rankits) t = 1.66 0.0677 0.05 Do not reject 
t-Test (rankits, unequal variances) t = 1.69 0.0706 0.05 Do not reject 
Conover T-Test t = 1.86 0.0497 0.05 Reject 
t-Test (ranks, unequal variances) t = 1.85 0.1215 0.05 Do not reject 

Because the example data passed both tests of assumptions, the LSD ( 6) was 
conducted on the untransformed data to compare bioaccumulation from each 
dredged sediment with bioaccumulation from the reference. LSD results 
indicated that mean tissue levels for organisms exposed to dredged sediments l 
and 2 (but not 3) were significantly greater than mean tissue levels for organisms 
exposed to the reference (Table L-7). 

For the sake of illustration, Table L-7 also includes results for log
transformed example data and for t-tests. Table L-8 gives nonparametric test 
results for the example data. Note that the different statistical tests give 
conflicting hypothesis test conclusions for the sediment 3 - reference 
comparison, because the P-values of the tests are close to a. This situation will 
often arise in the analysis of actual bioaccumulation data. Once again, it is not 
acceptable to conduct several different statistical tests in order to choose the 
results one prefers. For dredged material evaluations, the decision trees in this 
Appendix should be followed to determine the appropriate statistical procedures 
in any given situation. In the case of the example data, the tests of assumptions 
indicate that the appropriate hypothesis testing procedure is the LSD test using 
untransformed data, and the results of this test should be accepted. However, in 
making decisions concerning placement, it is entirely appropriate to consider that 
the significance of the treatment 3 - reference comparison is marginal. The 
power of the LSD test (calculated below) should also be taken into consider
ation. 
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Power calculations for the example data are performed on the untransformed 
data. From Equation L-11, the minimum significant difference (dmin, when t 1_fl = 
0) for the parametric LSD test is: 

d min = { t J-a ,v J.J 2MSE/n (L-22) 

UCL= 0.190 + 1.746 (0.003763/5)v2 = 0.238 µg/g, where v = 16 df. SAS 
conveniently provides this value as the "Least Significant Difference" in the 
GLM or ANOVA procedures when the LSD test is requested (and sample sizes 
are equal). 

The power of the LSD test for detecting a 100 percent increase in dredged 
material bioaccumulation over the mean reference bioaccumulation (i.e., d = 
0.066 µg/g) can be determined by: 

t 1_13,v = d.Jn/2M5'E - t 1-a,v (L-23) 

= (0.066) [5/2(0.003763)f' - 1. 746 = -0.045, and 1 - B fort= -0.045 with 16 
dfis 0.48. Power values for 10, 25, 50, 100, 200 and 300 percent increases over 
mean reference bioaccumulation are given in the output for SAS program 
BIOACC (Section L.4.2.2). 

The sample size (n) required to provide a 0.95 probability (1 - B = 0.95) of 
detecting a 25 percent increase (0.0165 µg/g) over the mean reference 
bioaccumulation, calculated using the z-approximation (Eq. 9) with MSE 
replacing s2

, is: 

n = 2(1.645 + l.645)2[0.003763/(0.0165)2] + 0.25(1.645)2 = 300 (L-24) 

Using the same equation, to detect a 100 percent increase (0.066 µg/g) over 
the mean reference bioaccumulation with a power of 0.95, n = 20. Assuming we 
are limited to 5 replicates, there is a 0.95 probability of detecting a difference (d) 
of 0.135 µg/g, which is a 205 percent increase over the mean reference bioac
cumulation. Other values of d when power= 0.5, 0.6, 0. 7, 0.8, 0.9, and 0.99 are 
given in the output for SAS program BIOACC (Section L.4.2.2). 

Less than detection limit data. Statistical procedures for bioaccumulation 
data analysis in this Appendix cannot be applied directly in the common 
situation where some contaminant concentrations are reported only as less than 
some numerical detection limit (DL). The actual concentrations of these 
"censored" data (hereafter refelTed to as nondetects) are unknown and are 
presumed to fall between zero and the DL. Whenever possible, laborat01ies that 
analyze contaminant residues should be encouraged to report observed 
concentrations below DL (Porter, Ward, and Bell 1988), even though the 
precision of these measurements is less than that of above DL measurements. 
When below-DL concentrations (sometimes called "I-values") are reported, they 
should be used as legitimate data in statistical comparisons. On the other hand, 
when bioaccumulation samples include nondetects, the unknown values must be 
replaced using a censored data method prior to statistical analysis. 
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A number of methods can be used to permit statistical comparisons of 
censored data, including simple substitution, uniform distribution substitution, 
maximum likelihood, and regression methods. Based on the results of a 
simulation study conducted to identify which of 10 censored data methods work 
best to maintain power and minimize Type I enor rate in LSD comparisons when 
n is small, Clarke ( 1998) recommended the use of nonparametric tests. A 
constant lower than all rep01ted values, such as zero, one-half DL, or negative 
DL, is assigned to all nondetects and then the data are converted to rankits or 
ranks p1ior to running a t-test or LSD test, or Dunn's Test may be perfo1med. 
The power of any test will generally decline as the amount of censoring 
increases; statistical analysis is not recommended when more than 60 to 80 
percent of the data are nondetects. Deletion of nondetects is not recommended 
as it results in excessive loss of information and power as amount of censoring 
mcreases. 

L.3.2.2 Comparison with an action level 

In this comparison, the objective is to determine whether the mean bio
accumulation of contaminants in plants or animals exposed to a dredged material 
is significantly less than a specified action level or standard. ff the mean tissue 
concentration of one or more contaminants of concern is greater than or equal to 
the applicable action level, then no statistical testing is required. If the mean 
tissue concentrations of a contaminant of concern are less than the applicable 
action level, then a confidence-interval approach is used to determine if these 
means are significantly less than the action level. One-sided tests are appropriate 
since there is concern only if bioaccumulation from the dredged material is not 
significantly less than the action level. There are two different approaches to 
conducting these tests, and both are acceptable. 

The first approach is to calculate a value oft, much as in at-test (this 
approach is often called a one-sample t-test): 

x - action level 
t=------

f;Vrz 

where x, s2
, and n refer to mean, variance, and number of replicates for 

contaminant bioaccumulation from the dredged material. 

(L-25) 

If tests of equality of variances in the comparison of dredged materials with 
the reference indicate that variances are equal for all treatments, then MSE from 
the ANOVA is used as 5/, and calculated tis compared to t095 , with N - k degrees 
of freedom. If the variances are not equal, then s2 for the individual treatment is 
used, and calculated t compared with t095 , with n - l degrees of freedom. If the 
data were transformed to normalize the distributions or equalize variances, then 
all calculations should be canied out on transformed values. 

Another approach is to calculate the upper one-sided 95 percent confidence 
limit (UCL), and compare it to the action level: 
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UCL=:;:+ ( to95,v)( ~) (L-26) 

As in the first approach, the MSE is used in place of s2 if variances are not 
significantly different, and the degrees of freedom (v) are N - k. If variances are 
significantly different, :l for the individual treatment is used, and v for each 
treatment i is ni - l. There is a 0.95 probability that the true population mean 
tissue level is below the UCL. If the UCL is below the action level, there is a 
::>0.95 probability that the population mean tissue level for the dredged material 
is below the action level, and we conclude that the action level is not exceeded. 
If the UCL is above the action level, we cannot be sure that the mean population 
tissue level does not exceed the action level. 

Either of the above procedures may be used with data that have failed the 
normality test, but the results should be considered approximate. 

The choice of which approach to use depends on the computer software and 
the presentation method to be used. In SAS, it is more convenient to calculate 
the UCL and compare with the action level, as in program BIOACC 
(Section L.4.2). In SYST AT, it is simpler to conduct a one-sample t-test. Both 
approaches can easily be performed by hand. If these data are presented 
graphically, as in Figure L-5, the confidence-level approach is used. If the 
investigator wants to provide the exact probability that the mean tissue level is 
less than the action level, then the one-sample t-test is used. 

Figure L-5 presents a comparison of mean bioaccumulation from the three 
dredged sediments (see Table L-6) with a hypothetical action level of 0.2 µg/g. 
There is no need to calculate the UCL for sediment l as the mean exceeds the 
action level. Because variances were not significantly different for the 
untransformed data (Table L-7), we use MSE = 0.003763 and to9s,16= 1.746 in 
Equation L-21 to obtain: 

UCL= 0.190 + l.746(0.003763/5)v, = 0.238 

for sediment 2, and UCL= 0.178 for sediment 3. SAS program BIOACC 
(Section L.4.2) calculates UCL for both equal and unequal variances. 

(L-27) 

If the UCL lies below the action level, there is a >0.95 probability that the 
true population mean tissue level for that sediment is less than the action level. 
Thus, we would conclude that mean bioaccumulation for dredged sediment 3 is 
less than the action level. Because the UCL for sediment 2 exceeds the action 
level even though the sample mean does not, we cannot be sure that the true 
population mean tissue level for this sediment is less than the action level. 

Appendix L Selected Resource Documents 

ED_013073_00000029-00309 

l37 



Figure L-5. Comparison of mean dredged material contaminant tissue levels and 95 percent upper 
confidence level (UCL) with hypothetical action level 

L38 

Formulae for calculating statistical power for comparisons to a fixed 
standard such as an action level are very similar to Equations L-8 and L-9: 

(L-28) 

where s2 and v (degrees of freedom) are MSE and N - kif variances are equal (or 
expected to be equal, if the calculation is made prior to testing), and s2 for the 
individual sediment and ni - l if variances are unequal. It is usually easier to use 
the z-approximation (from Alldredge 1987) to avoid solving for n iteratively: 

(L-29) 

The fonnulae indicate that the sample size required to detect any given 
difference d will be approximately one-half that required for a comparison of 
two treatments. The sample size required is lower because the comparison is 
made to a fixed value, rather than to a reference which can also vary. Thus, at 
least in theory, there is no sampling uncertainty or error for the fixed standard 
and we know the true value of one of the two things being compared. 

Using the z-approximation and s2 = MSE, the sample size required to provide 
a 0.95 probability (l - B = 0.95) of detecting a tissue level 25 percent (0.05 µg/g) 
below the action level is: 

n = (l.645 + l.645)2(0.003763)/0.0025 + 0.5(1.645)2 
= 18 (L-30) 

The minimum significant difference is: 

drrlin = to9s.16(MSE!n)v2 
= l.746(0.003763/5)% = 0.048 µg/g (L-31) 
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The power of a comparison can be detennined by: 

d../rt 
fJ-fi = --- l1-a,v 

s 
(L-32) 

\\lhen variances are not significantly different, sis replaced by (MSEY' and v 
= N - k df. Using MS'E' = 0.003763 as above, the power to detect a l 0 percent 
decrease in mean bioaccumulation below the action level is 0.] 6, and power to 
detect a 50 percent decrease is 0.96. Power for 10, 20, 30, 40 and 50 percent 
decreases are given in the output for SAS program BIOACC (Section L.4.2.2). 

Less than detection limit data. Recommendations for analysis of 
bioaccumulation data with less than detection limit values were developed to 
facilitate comparisons of two or more samples. \\lhen a sample of contaminant 
bioaccumulation concentrations must be compared with an action level or 
standard, accurate estimation of the sample mean and standard deviation is 
important. In general, this may require different censored data methods than 
does the comparison of samples in the previous section. Most recommendations 
for censored data methods in estimation problems have been based on relatively 
large sample sizes (n = 10 or more). Gleit (1985) identified certain methods that 
perform better than others for estimating the mean and variance of normal 
populations based on samples of n = 5. The best methods, depending on mean, 
coefficient of variation, and amount of censoring, included substitution of DL, 
DL/2, or zero, and an iterative method using expected values of order statistics. 
The latter method (which Gleit recommended), along with several others 
including regression and some maximum likelihood techniques, are available in 
UNCENSOR (Newman and Dixon 1990). 

Recommendations for censored data methods for estimating mean and 
standard deviation when n is small are provided by Clarke and Brandon ( 1996). 
If zero is substituted for all nondetects and the sample mean is greater than or 
equal to the applicable action level, then clearly no statistical testing is required 
as the mean contaminant concentration cannot be less than the action level. 

L.3.3 Bioaccumulation from field data 

A field bioaccumulation test may be designed to show differences, if any, 
between organisms living at the proposed disposal site and the same species 
living in the reference area. Ttissue concentrations in organisms collected from 
replicate samples at the disposal site(s) are compared with tissue concentrations 
in organisms collected from replicate samples at the reference area, using the 
decision tree steps in Figures L-4A and 4B. If comparisons involve organisms 
from only one disposal site, then the appropriate statistical comparison 
procedures, depending on the results of the tests of assumptions, are the two
sample t-test for equal or unequal variances, or the t-test for unequal variances 
using rankits or ranks (Section L.2.1.1.1 ). 

Appendix L Selected Resource Documents 

ED_013073_00000029-00311 

l39 



L40 

L.4 SAS Programs and Output for Example Data 

This Section provides SAS programs to analyze the example data sets given 
herein Appendix L. Each program includes all analyses from the con-esponding 
decision tree that would be performed using SAS. While it is certainly possible 
to conduct the statistical analysis of a data set in a stepwise fashion, we find it 
much more efficient to perform all analyses at once, and then select the 
appropriate results based on the steps in the decision tree. Power calculations 
are provided in addition to the decision tree analyses. 

SAS statements in the sections that follow are given in uppercase letters 
(although this is not required for SAS). Comments within the body of the 
programs are in upper and lowercase letters in the following fo1mat: /* Comment 
line. */. Every SAS statement must end with a semicolon, but several statements 
may be included on the same line. The programs are designed for the analysis of 
Appendix L example data but can be used with other data sets after minor modi
fications. Investigators wishing to use these programs should have some 
familiarity with SAS. SAS output follows each program; the output has been 
edited to remove much of the nonessential infmmation. 

We recommend that data analysis reports include at least the following: 

• Number of replicates, mean and SE for each treatment. 

• Treatment of less-than detection limit data, if any. 

• Results of tests of assumptions. 

• Data transformation used, if any. 

• Name of statistical hypothesis testing procedure, its calculated test 
statistic and associated probability, and conclusion reached regarding the 
null hypothesis. 

• Minimum significant difference or some other indication of power for a 
parametric LSD test or t-test. 

L.4.1 Program WATTOX.SAS for water column toxicity test data 
analysis 

W ATTOX.SAS is a program to compare dilution water survival vs. 100 
percent elut1iate survival, using an arcsine-square root transformation on the 
data. The program performs all statistical analyses in Figure L-1. Included in 
these analyses are: mean survival for dilution water and elutriates, 
Shapiro-Wilk's Test for normality, t-test for equal or unequal vaiiances, and a t
test for unequal variances on data converted to rankits. Refer to the decision tree 
in Figure L-1 to determine which test results should be used. Minimum 
significant difference and some other power calculations for the parametric t-test 
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are also provided. WA TTOX. SAS also includes calculation of LC50 using the 
Probit procedure. 

L.4.1.1 WATTOX.SAS program statements 

LIBNAME Q 'C:\SAS\SASFILES'; 
OPTIONS LINESIZE=79 PAGESIZE=59 NODATE NONUMBER; 

/* Identify the treatment codes. */ 

PROC FORMAT; 
VALUE TRTFMT 

O='DILUTION WATER I 

1='100 percent ELUTRIATE ' 
2='50 percent ELUTRIATE 
3='25 percent ELUTRIATE 
4='12.5 percent ELUTRIATE'; 

/* Input the toxicity test data after the CARDS statement, 
listing the */ 
/* treatment code, replicate, and number of survivors. A 
permanent SAS */ 
/* data set is created in the directory specified in the 
LIBNAME statement. */ 

DATA Q.WATCOL; 
INPUT TRT REP SURV @@; 
CARDS; 

0 1 20 0 2 19 0 3 20 0 4 20 0 c: 19 J 

1 1 6 1 2 7 1 3 9 1 4 5 1 5 8 
2 1 8 2 2 8 2 3 9 2 4 10 2 5 11 
3 1 12 3 2 18 3 3 15 3 4 14 3 c: 13 J 

4 1 17 4 2 17 4 3 18 4 4 16 4 5 18 

/* Input no. of organisms (M) per test container at start of 
test. */ 
/* Calculate proportion of survivors (SURV/M) and take the 
SQRT. */ 
/*Arcsine transform SQRT(SURV/M). */ 
/* Format, print, sort the data. Print no. of observations, 
mean, and */ 
/* standard error for survival in each treatment. */ 

DATA AO; 
SET Q.WATCOL; 
M=20; 
ARCSURV=ARSIN(SQRT(SURV/M)); 
LABEL TRT='TREATMENT GROUP' 

REP='REPLICATE' 
M='NO. OF ORGANISMS PER REPLICATE' 
SURV='NUMBER OF SURVIVORS' 
ARCSURV='ARCSINE TRANSFORMJ.l.TION'; 

FORMAT TRT TRTFMT.; 
TITLE 'WATER COLUMN TOXICITY DATA'; 

PROC PRINT LABEL; VAR TRT REP M SURV ARCSURV; 
PROC SORT; BY TRT; 
PROC MEANS NOPRINT; BY TRT; VAR SURV; 

OUTPUT OUT=Y N=N SUM=TOTAL MEAN=MEANSURV STDERR=SE; 
PROC PRINT LABEL; VAR TRT N MEANSURV SE; 

LABEL MEANSURV='MEAN SURVIVAL'; 
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/* Delete data not needed for the dilution water-100 percent 
elutriate comparison. */ 
/* Print descriptive statistics. */ 

DATA A; 
SET AO; 
IF TRT>l THEN DELETE; 
TITLE2 'ARCSINE-SQUARE ROOT TRANSFORMATION'; 

PROC MEANS NOPRINT; VAR ARCSURV; BY TRT; ID M; 
OUTPUT OUT=X N=N MEAN=MEAN VAR=VARIANCE STD=S STDERR=SE; 

PROC PRINT LABEL; VAR TRT N MEAN VARIANCE S SE; 

/* Test normality of residuals using Shapiro-Wilk's Test. */ 

PROC GLM DATA=A NOPRINT; 
CLASS TRT; 
MODEL ARCSURV=TRT; 
OUTPUT OUT=Z R=RESID; 

PROC UNIVARIATE NORMAL DATA=Z; 
VAR RESID; 
TITLE3 'SHAPIRO-WILKS TEST'; 

/* Conduct t-test, which includes F? test for equality of 
variances. */ 

PROC TTEST DATA=A; 
CLJl.SS TRT; 
VAR ARCSURV; 

/* Convert data to rankits and conduct t-test. */ 

PROC RANK DATA=A NORMAL=BLOM OUT=Al; 
VAR SURV; RANKS RANKIT; 

PROC TTEST DATA=Al; 
CLASS TRT; 
VAR RANKIT; 
TITLE2 'DATA CONVERTED TO RANKITS'; 

/* Calculate minimum significant difference and power of a 
t-test to detect */ 
/* true population differences of 10, 20, 30, 40 and 50 
percent below mean */ 
/* dilution water survival. */ 

DATJI. BO; 
MERGE X Y; 
IF TRT=O; 
MEJl.NO=MEJl.N; NO=N; S2 O=VARIJl.NCE; 
MEANPCT=MEANSURV/M; 

DATA Bl; 
SET X; 
IF TRT=l; 
Nl=N; S2l=VARIANCE; 

DATJI. B2; 
MERGE BO Bl; 
DF=NO+Nl-2; 
N=(NO+Nl)/2; 
S2POOL=(S20*(N0-l)+S2l*(Nl-l))/DF; 
TALPHA=TINV(.95,DF); 
DMIN=TALPHA*SQRT(2*S2POOL/N); 
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LABEL N='NO. OF REPLICATES' 
MEANPCT='MEAN DILUTION WATER SURVIVAL' 
S2POOL='POOLED VARIANCE' 
DF='DEGREES OF FREEDOM, DF' 
TALPHA='T VALUE FOR (l-ALPHA=0.95,DF)' 
DMIN='MINIMUM SIGNIFICANT DIFFERENCE'; 

TITLE2 'POWER OF T-TEST TO DETECT A TRUE POPULATION 
DIFFERENCE (D) I; 

TITLE3 'FROM MEAN DILUTION WATER SURVIVAL USING ARCSINE 
TRANSFORMJ.l.TION I; 
PROC PRINT LABEL NOOBS; VAR M N MEANPCT S2POOL DF TALPHA 
DMIN; 
DATJI. B3; 

SET B2; 
DO PCTDIFF=lO TO 50 BY 10; 

SEDSURV=MEANPCT-PCTDIFF/100; 
ARCSURV=ARSIN(SQRT(SEDSURV)); 
ARCDIFF=MEANO-ARCSURV; 
TBETA=(SQRT(N)*ARCDIFF)/SQRT(2*S2POOL)-TALPHA; 
POWER=PROBT(TBETA,DF); 
OUTPUT; 
END; 

LABEL PCTDIFF=' percent REDUCTION IN SURVIVAL FROM DIL. 
WATER' 

SEDSURV='lOO percent ELUTRIATE SURVIVAL' 
ARCSURV='ARCSINE 100 percent ELUTRIATE SURVIVAL' 
ARCDIFF='D' 
TBETA='T VALUE FOR (l-BETA,DF) '; 

PROC PRINT LABEL; 
VAR PCTDIFF SEDSURV ARCSURV ARCDIFF TBETA POliifER; 
TITLE; 

/* Calculate median lethal concentration using the PROBIT 
procedure */ 
/* Define elutriate concentrations */ 
/* Plot predicted and observed mortalities */ 

TITLE >WATER COLUMN TOXICITY DATA=; 
TITLE2 >PROBIT CALCULATION OF LC50'; 

DATA C; SET AO; 
MORT=M-SURV; 
SELECT (TRT); 

WHEN (0) CONC=O; 
WHEN (l) CONC=lOO; 
WHEN (2) CONC=50; 
WHEN (3) CONC=25; 
WHEN (4) CONC=l2.5; 
END; 

PROC PROBIT LOG; 
MODEL MORT/M=CONC / LACKFIT INVERSECL D=NORMAL; 

OUTPUT OUT=O P=PROB STD=STD XBETA=XBETA; 
/* Note: other analyses may be requested by changing 
D=NORMAL to D=LOGISTIC or */ /* D=GOMPERTZ in the MODEL 
statement above */ 

DATA C; SET O; 
MORT=MORT/M; 

PROC GPLOT; 
PLOT MORT*CONC='X' PROB*CONC='P' / OVERLAY; 
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OBS 

1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 

L44 

RUN; 

L4.1.2 WATTOX.SAS Program Output 

WATER COLUMN TOXICITY DATA 

NO. OF 
ORGANISMS NUMBER 

PER OF ARCSINE 
TREATMENT GROUP REPLICATE REPLICATE SURVIVORS TRJl.NSFORMATION 

DILUTION WATER 1 20 
DILUTION WATER 2 20 
DILUTION WATER 3 20 
DILUTION WATER 4 20 
DILUTION WATER 5 20 
100 % ELUTRIATE 1 20 
100 1s ELUTRIATE 2 20 
100 % ELUTRIATE 3 20 
100 % ELUTRIATE 4 20 
100 1s ELUTRIATE 5 20 
50 9_ 

0 ELUTRIJl.TE 1 20 
50 % ELUTRIATE 2 20 
50 % ELUTRIATE 3 20 
50 9_ 

0 ELUTRIJl.TE 4 20 
50 % ELUTRIATE 5 20 
25 % ELUTRIATE 1 20 
25 9_ 

0 ELUTRIJl.TE 2 20 
25 % ELUTRIATE 3 20 
25 % ELUTRIATE 4 20 
25 9_ 

0 ELUTRIJl.TE 5 20 
12.5 % ELUTRIATE 1 20 
12.5 % ELUTRIATE 2 20 
12.5 Q_ 

0 ELUTRIATE 3 20 
12.5 % ELUTRIATE 4 20 
12.5 % ELUTRIATE 5 20 

MEAN 
OBS TREATMENT GROUP N SURVIVAL 

1 DILUTION WATER 5 19.6 
2 100 96 ELUTRIATE 5 7. 0 
3 50 96 ELUTRIATE 5 9.2 
4 25 % ELUTRIATE 5 14.4 
5 12.5 % ELUTRIATE 5 17.2 

WATER COLUMN TOXICITY DATA 
ARCSINE-SQUARE ROOT TRANSFORMATION 

TREATMENT 
OBS GROUP 

~ DILUTION WATER 
2 100 % ELUTRIATE 

N 

5 
5 

MEAN 

1.48059 
0.63126 

VJl.RIANCE 

0.015257 
0.006986 

20 
19 
20 
20 
19 

6 
7 
9 
c: 
J 

8 
8 
8 
9 

10 
11 
12 
18 
15 
14 
13 
17 
17 
18 
16 
18 

SE 

0.24495 
0.70711 
0.58310 
1.02956 
0.37417 

s 

0.12352 
0.08358 

1.57080 
1.34528 
1.57080 
1.57080 
1.34528 
0.57964 
0.63305 
0.73531 
0.52360 
0.68472 
0.68472 
0.68472 
0.73531 
0.78540 
0.83548 
0.88608 
1. 24 905 
1.04720 
0.99116 
0.93774 
1.17310 
1.17310 
1. 24 905 
1.10715 
1. 24 905 

SE 

0.055239 
0.037379 
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Variable=RESID 

WATER COLUMN TOXICITY DATA 
ARCSINE-SQUARE ROOT TRANSFORMATION 

SHAPIRO-WILKS TEST 

UNIVARIATE PROCEDURE 

N 
W:Normal 

10 
0.846238 Prob<W 0.0507 

TTEST PROCEDURE 

Variable: ARCSURV 

TRT 

DILUTION WATER 
100 % ELUTRIATE 

Variances T 

Unequal 
Equal 

12.7340 
12.7340 

WATER COLUMN TOXICITY DATA 
ARCSINE-SQUARE ROOT TRANSFORMATION 

ARCSINE TRANSFORMATION 

N 

5 
5 

DF 

7. 0 
8. 0 

Mean 

1.48059096 
0.63126480 

Prob> I Tl 

0.0001 
0.0000 

Std Dev 

0.12351878 
0.08358232 

For HO: Variances are equal, F' = 2.18 DF ( 4, 4) Prob>F' 

Variable: RANKIT 

TRT 

DILUTION WATER 
100 % ELUTRIATE 

Variances T 

Unequal 
Equal 

4.6306 
4.6306 

WATER COLUMN TOXICITY DATA 
DATA CONVERTED TO RANKITS 

DF 

7.7 
8. 0 

N 

5 
5 

TTEST PROCEDURE 

RANK FOR VARIABLE SURV 

Mean 

0.74011839 
-0.74011839 

Prob>:T: 

0.0019 
0.0017 

Std Dev 

0.44830825 
0.55672332 

For HO: Variances are equal, F' = 1.54 DF ( 4 f 4) Prob>F' 
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Std Error 

0.05523928 
0.03737915 

0.4679 

Std Error 

0.20048954 
0.24897424 

0.6850 
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NO. 

WATER COLUMN TOXICITY DATA 
POWER OF T-TEST TO DETECT A TRUE POPULATION DIFFERENCE (D) 

FROM MEAN DILUTION WATER SURVIVAL USING ARCSINE TRANSFORMATION 

OF MEAN DEGREES 
ORGANISMS DILUTION OF MINIMUM 

PER WJl.TER POOLED FREEDOM, T VALUE FOR SIGNIFICANT 
REPLICATE N SURVIVAL VARIANCE DF (l-ALPHA=0.95,DF) DIFFERENCE 

20 5 0.98 0.011121 8 1.85955 0.12403 

OBS 

J_ 

2 
3 
4 
5 

Q_ 
0 REDUCTION ARCSINE 
IN SURVIVAL 100 % 100 % T VALUE 

FROM DIL. ELUTRIATE ELUTRIATE FOR 
WATER SURVIVAL SURVIVAL D (1-BETA, DF) 

10 0.88 1.21705 0.26354 2.09166 
20 0.78 1.08259 0.39800 4.10768 
30 0.68 0.96953 0.51106 5.80277 
40 0.58 0.86574 0.61485 7.35888 
50 0.48 0.76539 0.71520 8.86344 

WATER COLUMN TOXICITY DATA 
PROBIT CALCULATION OF LC50 

Data Set 
Events Variable 
Trials Variable 

Number of Observations 
Number of Events 
Number of Trials 
Name of Distribution 
Log Likelihood 

Probit Procedure 

Model Information 

WORK.B 
MORT 

M 

20 
161 
400 

NORMJl.L 
-234.4058782 

NO. OF ORGANISMS 
PER REPLICATE 

Algorithm converged. 

Goodness-of-Fit Tests 

Statistic Value DF 

Pearson Chi-Square 
L.R. Chi-Square 

1.7558 
1.7503 

Response-Covariate Profile 

Response Levels 2 
Number of Covariate Values 4 

2 
2 

Pr > ChiSq 

0.4157 
0.4168 

POWER 

0.96508 
0.99830 
0.99980 
0. 99996 
0.99999 

Since the chi-square is small (p > 0.1000), fiducial limits will be calculated 
using a t value of 1.96. 
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Variable 

Intercept 
Ln(CONC) 

Probability 

0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.91 
0.92 
0.93 
0.94 
0.95 
0. 96 
0.97 
0.98 
0.99 

Analysis of Parameter Estimates 

Standard 
DF Estimate Error Chi-Square Pr > ChiSq 

l 
l 

-2.89012 
0.72950 

0.33780 
0.09051 

73.1989 
64.9663 

WATER COLUMN TOXICITY DATA 
PROBIT CALCULATION OF LC50 

Probit Procedure 

Probit Analysis on Ln(CONC) 

Ln(CONC) 95 96 Fiducial 

0.7728 -0.1770 
1.1465 0.3135 
1.3836 0.6241 
1.5620 0.8575 
1.7070 1.0470 
1.8305 1.2081 
1.9388 1.3491 
2.0357 1.4751 
2.1239 1.5896 
2.2050 1.6947 
2.5411 2.1275 
2.8081 2.4669 
3.0372 2.7526 
3.2430 3.0022 
3.4336 3.2247 
3.6145 3.4255 
3.7895 3.6088 
3.9618 3.7790 
4.1341 3.9410 
4.3091 4.0992 
4.4900 4.2580 
4.6807 4.4217 
4.8864 4.5956 
5.1155 4.7870 
5.3826 5.0080 
5.7186 5.2840 
5.7997 5.3504 
5.8879 5.4224 
5.9848 5.5016 
6.0931 5.5899 
6.2166 5.6904 
6.3617 5.8085 
6.5400 5.9534 
6. 7771 6.1458 
7.1508 6.4486 

<.0001 
<.0001 

Limits 

1.3600 
1.6639 
1.8572 
2.0030 
2.1218 
2.2233 
2.3124 
2.3924 
2.4654 
2.5328 
2.8142 
3.0425 
3.2438 
3.4316 
3.6143 
3.7981 
3.9869 
4.1828 
4.3870 
4.6008 
4.8266 
5.0681 
5.3316 
5.6272 
5.9739 
6.4122 
6.5183 
6.6336 
6.7606 
6.9024 
7.0643 
7.2547 
7.4889 
7.8005 
8.2920 
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Probability 

0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.91 
0.92 
0.93 
0.94 
0.95 
0. 96 
0.97 
0.98 
0.99 

WATER COLUMN TOXICITY DATA 
PROBIT CALCULATION OF LC50 

Probit Procedure 

Probit Analysis on CONC 

CONC 95 % Fiducial Limits 

2.16588 
3.14719 
3.98923 
4.76811 
5.51255 
6.23706 
6.95026 
7.65778 
8.36359 
9.07066 

12.69305 
16.57847 
20.84700 
25.60925 
30.98818 
37.13337 
44.23644 
52.55218 
62. 43114 
74.37329 
89.12208 

107.84114 
132.47618 
166.58541 
217.57820 
304.46875 
330.20877 
360.64379 
397.35639 
442.79353 
500.98996 
579.20826 
692.29671 
877.52308 

1275 

0.83778 
1.36817 
1.86664 
2.35721 
2.84909 
3.34701 
3.85383 
4. 37154 
4.90156 
5.44504 
8.39374 

11.78589 
15.68333 
20.12970 
25.14636 
30.73745 
36.92049 
43.77361 
51.46951 
60.29232 
70.66773 
83.24102 
99.05248 

119.94013 
149.60065 
197.14864 
210.68655 
226.42966 
245.07841 
267.69998 
296.02506 
333.10952 
385.05880 
466.75313 
631.81918 

3.89622 
5.27970 
6.40567 
7. 41100 
8.34642 
9.23734 

10.09863 
10.93999 
11.76819 
12.58822 
16.68045 
20.95732 
25.63096 
30.92460 
37.12550 
44.61613 
53.88635 
65.54785 
80.39802 
99.56802 

124.78810 
158.87767 
206.76309 
277.89384 
393.04744 
609.23099 
677.42467 
760.25126 
863.13948 
994.69564 

11 70 
1415 
1788 
2442 
3992 

L.4.2 Program BIOACC.SAS for bioaccumulation test data analysis 

BIOACC.SAS is a program to compare bioaccumulation data from dredged 
materials or other treatments with a reference, using raw data or log10 

transformation. Included in these analyses are: mean bioaccumulation from each 
exposure, Shapiro-Wilk's Test for normality, Levene's Test for equality of 
variances, t-tests for equal or unequal vaiiances, LSD test, and tests on rankits 
(normalized ranks for contaminant concentration). Refer to the decision tree in 
Figures L-4A and 4B to determine which test results should be used. The 
program includes power calculations for an LSD test on untransformed 
bioaccumulation data. 
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L.4.2.1 BIOACC.SAS program statements 

LIBNAME Q 'C:\SAS\SASFILES'; 
OPTIONS LINESIZE=79 PAGESIZE=59 NODATE NONUMBER; 

/* Identify the treatment codes. */ 

PROC FORMAT; 
VALUE TRTFMT 

l='REFERENCE I 

2='SEDIMENT l' 
3='SEDIMENT 2' 
4='SEDIMENT 3'; 

/* Input the bioaccumulation data after the CARDS statement, listing the */ 
/* treatment code, replicate, and contaminant concentration. A permanent */ 
/* SAS data set is created in the directory specified in the LIBNAME */ 
/* statement. */ 

DATA Q.BIOACC; 
INPUT TRT REP CONC @@; 
CARDS; 

1 1 .06 1 2 
2 1 .16 2 2 
3 1 .24 3 2 
4 1 .13 4 2 

.05 

.19 

.10 

.05 

j_ 3 .05 
2 3 .18 
3 3 .13 
4 3 .1 7 

1 4 . 08 1 5 . 0 9 
2 4 .22 2 5 .31 
3 4 .18 3 5 .30 
4 4 . 08 4 5 .22 

/* Format, print, sort the data. Print no. of observations, mean, and */ 
/* standard error for concentration in each treatment for both */ 
/* untransformed and loglO-transformed data. Calculate rankits. */ 

DATA AO; 
SET Q.BIOACC; 
LOGCONC=LOGlO(CONC); 
MERGEVAR=l; 
LABEL TRT='TREATMENT GROUP' 

REP='REPLICATE' 
CONC='CONTAMINANT CONCENTRATION, ug/g' 
LOGCONC='LOGlO CONCENTRATION'; 

FORMAT TRT TRTFMT.; 
TITLE 'CONTAMINANT BIOACCUMULATION DATA'; 

PROC RANK NORMAL=BLOM OUT=A; 
VAR CONC; RANKS RANKIT; 

PROC PRINT LABEL; VAR TRT REP CONC LOGCONC RANKIT; 
LABEL RANKIT='NORMALIZED RANK FOR CONCENTRATION'; 

PROC SORT; BY TRT; 
PROC MEANS NOPRINT; BY TRT; VAR CONC LOGCONC; ID MERGEVAR; 

OUTPUT OUT=Y N=N NLOG MEAN=MEANCONC MEANLOG VAR=S2 S2LOG STDERR=SE SELOG; 
PROC PRINT LABEL; VAR TRT N MEANCONC S2 SE MEANLOG S2LOG SELOG; 

LABEL MEANCONC='MEAN CONTAMINANT CONC.' 
S2='VARIANCE' 
SE='STANDARD ERROR' 
MEANLOG='MEAN LOGlO CONC.' 
S2LOG='VARIANCE OF LOGS' 
SELOG='STANDARD ERROR OF LOGS'; 

/* Test normality of residuals of untransformed and log-transformed data */ 
/* using Shapiro-Wilk's Test. */ 
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PROC GLM NOPRINT DATA=A; 
CLASS TRT; 
MODEL CONC LOGCONC=TRT; 
OUTPUT OUT=Z R=RESID RESIDLOG; 

PROC UNIVARIATE NORMAL; 
VAR RESID RESIDLOG; 
TITLE2 I SHAPIRO-\rJILKS TEST FOR NORMJ.l.LITY I; 

/* Conduct Levene's Test for equality of variances of untransformed and*/ 
/* log-transformed data. */ 
DATA AY; 

MERGE A Y; BY TRT; 
ABSDEV=ABS(CONC-MEANCONC); 
ABSLOG=ABS(LOGCONC-MEANLOG); 
LABEL ABSDEV='ABSOLUTE DEVIATIONS FROM MEAN CONC.' 

ABSLOG='ABSOLUTE DEVIATIONS FROM MEAN LOGCONC. '; 
PROC GLM; 

CLASS TRT; 
MODEL ABSDEV ABSLOG=TRT; 
TITLE2 'LEVENE' 'S TEST'; 

/* Perform LSD on untransformed and log-transformed data. */ 

PROC GLM DATA=A OUTSTAT=liifl; 
CLASS TRT; 
MODEL CONC=TRT; 
MEANS TRT/LSD ALPHA=.l; 
TITLE2 'LSD TEST (UNTRANSFORMED DATA)'; 

PROC GLM DATA=A OUTSTAT=\llJ2; 
CLASS TRT; 
MODEL LOGCONC=TRT; 
MEANS TRT/LSD ALPHA=.l; 
TITLE2 'LSD TEST (LOG-TRANSFORMED DATA)'; 

/* Perform t-tests for each dredged sediment-reference sediment comparison */ 
/* using untransformed and log-transformed data. */ 

DATA Tl; 
SET A; 
IF TRT>2 THEN DELETE; 

PROC TTEST; 
CLASS TRT; 
VAR CONC LOGCONC; 

DATA T2; 
SET A; 
IF TRT=2 OR TRT=4 THEN DELETE; 

PROC TTEST; 
CLASS TRT; 
VAR CONC LOGCONC; 

DATA T3; 
SET A; 
IF TRT=2 OR TRT=3 THEN DELETE; 

PROC TTEST; 
CLASS TRT; 
VAR CONC LOGCONC; 

/* Test normality and equality of variances of rankits. */ 

PROC GLM NOPRINT DATA=A; 
CLASS TRT; 
MODEL RANKIT=TRT; 
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OUTPUT OUT=Z2 R=RESID; 
TITLE2 'BIOACCUMULATION DATA CONVERTED TO RANKITS'; 

PROC UNIVARIATE NORMAL; 
VAR RESID; 
TITLE3 'SHAPIRO-WILKS TEST FOR NORMALITY'; 

PROC MEANS DATA=A NOPRINT; 
BY TRT; VAR RANKIT; 
OUTPUT OUT=X MEAN=MEAN; 

DATA AX; 
MERGE A X; BY TRT; 
ABSDEV=ABS(RANKIT-MEAN); 

PROC GLM; 
CLASS TRT; 
MODEL ABSDEV=TRT; 
TITLE3 'LEVENE' 'S TEST'; 

/* Perform LSD on rankits. */ 

PROC GLM DATA=A; 
CLASS TRT; 
MODEL RANKIT=TRT; 
MEANS TRT/LSD ALPHA=.l; 
TITLE3 'LSD TEST'; 

/* Perform t-tests for each dredged sediment-reference sediment comparison */ 
/* using rankits. */ 

PROC TTEST DATA=Tl; 
CLASS TRT; 
VAR RANKIT; 

PROC TTEST DATA=T2; 
CLASS TRT; 
VAR RANKIT; 

PROC TTEST DATA=T3; 
CLASS TRT; 
VAR RANKIT; 

/* Calculate power of an LSD test to detect true population differences */ 
/* 10, 25, 50, and 100 % above the reference mean contaminant concentration. 
*/ 
DATA Cl; 

SET Wl; 
IF TYPE A='ERROR' THEN DELETE; 
MSE~SS/DF; 
MERGEVAR=l; 
KEEP MSE DF MERGEVAR; 

DATA C2; 
SET Y; 
IF TRTA=l THEN DELETE; 

DATA C3; 
MERGE Cl C2; 
TALPHA=TINV(.95,DF); 
LABEL N='NO. OF REPLICATES, N' 

MEANCONC='REFERENCE MEAN CONTAMINANT CONCENTRATION' 
MSE='MEAN SQUARE ERROR, MSE' 
DF='DEGREES OF FREEDOM, DF' 
TALPHA='T VALUE FOR (l-ALPHA=0.95,DF) '; 

TITLE2 'POWER OF LSD TO DETECT A TRUE POPULATION DIFFERENCE (D) '; 
TITLE3 'ABOVE REFERENCE MEAN CONTAMINANT CONCENTRATION'; 

PROC PRINT LABEL NOOBS; VAR N MEANCONC MSE DF TALPHA; 
DATA C4; 
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SET C3; 
DO PCTDIFF=l0,25,50,100,200,300; 

SEDCONC=MEANCONC+((PCTDIFF/lOO)*MEANCONC); 
D=SEDCONC-MEANCONC; 
TBETA=D*SQRT(N/(2*MSE))-TALPHA; 
POWER=PROBT(TBETA,DF); 
OUTPUT; 
END; 

LABEL PCTDIFF=' % INCREASE IN CONC. ABOVE REFERENCE' 
SEDCONC='DREDGED SEDIMENT BIOACCUMULATION' 
TBETA='T VALUE FOR (1-BETA,DF)' 
POWER='POWER (1-BETA) '; 
PROC PRINT LJl.BEL NOOBS; VAR PCTDIFF SEDCONC D TBETA POWER; 

TITLE 'POWER OF LSD TO DETECT% INCREASE IN CONCENTRATION ABOVE REFERENCE'; 
TITLE2 'MEAN CONTAMINANT CONCENTRATION GIVEN N, MSE AND DF SHOWN ABOVE'; 

DATA CS; 
SET C3; 
DO POliifER=.5, .6, .7, .8, .9, .95, .99; 

TBETA=TINV(POWER,DF); 
D=((TBETA+TALPHA)*SQRT(2*MSE))/SQRT(N); 
SEDCONC=MEANCONC+D; 
PCTDIFF=(D*lOO)/MEANCONC; 
OUTPUT; 
END; 

LABEL SEDCONC='DREDGED SEDIMENT BIOACCUMULATION' 
PCTDIFF=' % INCREASE IN CONC. ABOVE REFERENCE' 
TBETA='T VALUE FOR (1-BETA,DF)' 
POWER='POWER (1-BETA) '; 
PROC PRINT LABEL NOOBS; VAR PO\llJER D SEDCONC PCTDIFF TBETA; 

TITLE 'MINIMUM DREDGED SEDIMENT BIOACCUMULATION THAT CAN BE DETECTED BY LSD'; 
TITLE2 'AS SIGNIFICANT GIVEN SPECIFIED POWER AND N, MSE, AND DF SHOWN ABOVE'; 

/* Calculation of upper confidence limits (UCL) for comparison of mean */ 
/* dredged sediment bioaccumulation with an action level. */ 

DATA D; 
MERGE Cl Y; BY MERGEVAR; 
IF TRT=l THEN DELETE; 
TALPHAl=TINV(.95,DF); 
TALPHA2=TINV(.95,N-l); 
UCLl=MEANCONC+TALPHAl*(SQRT(MSE/N)); 
UCL2=MEANCONC+TALPHA2*(SQRT(S2/N)); 
DMINl=TALPHAl*SQRT(MSE/N); 
DMIN2=TALPHA2*SQRT(S2/N); 
LABEL UCLl='UCL (EQUAL VARIANCES)' 

UCL2='UCL (UNEQUAL VARIANCES) I 

TALPHAl='T VALUE FOR (l-ALPHA=.95,DF)' 
TALPHA2='T VALUE FOR (l-ALPHA=.95,N-l)' 
DMINl='MINIMUM SIGNIFICANT DIFFERENCE' 
DMIN2='MINIMUM SIGNIFICANT DIFFERENCE' 
MSE='MEAN SQUARE ERROR' 
S2='VARIANCE' 
MEANCONC='MEAN BIOACCUMULATION'; 

TITLE 'COMPARISON OF MEAN DREDGED SEDIMENT BIOACCUMULATION WITH ACTION 
LEVEL: I; 
PROC PRINT LABEL NOOBS; VAR TRT MEANCONC UCLl MSE TALPHAl DF DMINl; 

TITLE2 'UPPER CONFIDENCE LIMITS (UCL) WHEN VARIANCES ARE EQUAL'; 
PROC PRINT LJl.BEL NOOBS; VAR TRT MEANCONC UCL2 S2 TALPHJl.2 N DMIN2; 

TITLE2 'UPPER CONFIDENCE LIMITS (UCL) WHEN VARIANCES ARE UNEQUAL'; 

/* Calculate power of dredged sediment-action level comparisons using */ 
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/* MSE given 10, 20, 30, 40, and 50 % decreases in mean concentration */ 
/* below action level. */ 

DATA Dl; 
SET C3; 
ACTION=.2; 
DO PCTDIFF=lO TO 50 BY 10; 

D=PCTDIFF*ACTION/100; 
SEDCONC=ACTION-D; 
TBETA=D*SQRT(N/MSE)-TALPHA; 
POWER=PROBT(TBETA,DF); 
OUTPUT; 
END; 

LABEL PCTDIFF=' % DECREASE BELOW ACTION LEVEL' 
SEDCONC='MEAN DREDGED SEDIMENT BIOACCUMULATION' 
TBETA='T VALUE FOR (1-BETA,DF)' 
POWER='POWER (1-BETA) '; 

PROC PRINT NOOBS LABEL; VAR PCTDIFF SEDCONC D TBETA POliifER; 
TITLE 'POWER TO DETECT% DECREASE IN CONCENTRATION BELOW'; 
TITLE2 'ACTION LEVEL OF 0.2 ug/g GIVEN N, MSE AND DF SHOWN ABOVE'; 

RUN; 

L.4.2.2 BIOACC.SAS program output 

CONTAMINANT BIOACCUMULATION DATA 

CONTAMINANT NORMALIZED 
TREATMENT CONCENTRATION, LOGlO RANK FOR 

OBS GROUP REPLICATE ug/g CONCENTRATION CONCENTRATION 

1 REFERENCE 1 0.06 -1.22185 -0.91914 
2 REFERENCE 2 0.05 -1.30103 -1.46660 
3 REFERENCE 3 0.05 -1.30103 -1.46660 
4 REFERENCE 4 0.08 -1.09691 -0.66680 
c: REFERENCE 5 0.09 -1.04576 -0.44777 J 

6 SEDIMENT J_ 1 0.16 -0.79588 0.06193 
7 SEDIMENT J_ 2 0.19 -0.72125 0.58946 
8 SEDIMENT j_ 3 0.18 -0.74473 0.38117 
9 SEDIMENT J_ 4 0.22 -0.65758 0.83164 

10 SEDIMENT J_ 5 0.31 -0.50864 1.86824 
11 SEDIMENT 2 1 0.24 -0.61979 1.12814 
12 SEDIMENT 2 2 0.10 -1.00000 -0.31457 
13 SEDIMENT 2 3 0.13 -0.88606 -0.12434 
14 SEDIMENT 2 4 0.18 -0.74473 0.38117 
15 SEDIMENT 2 5 0.30 -0.52288 1.40341 
16 SEDIMENT 3 1 0.13 -0.88606 -0.12434 
17 SEDIMENT 3 2 0.05 -1.30103 -1.46660 
18 SEDIMENT 3 3 0.17 -0.76955 0.18676 
19 SEDIMENT 3 4 0.08 -1.09691 -0.66680 
20 SEDIMENT 3 5 0.22 -0.65758 0.83164 

CONTAMINANT BIOACCUMULATION DATA 

MEAN 
TREATMENT CONTAMINANT STANDARD 

MEJl.N 
LOGlO 

STANDARD 
VARIANCE ERROR OF 

OF LOGS LOGS OBS GROUP N CONC. VARIANCE ERROR CONC. 

j_ REFERENCE 5 
2 SEDIMENT 1 5 

0.066 
0.212 
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.00033 0.008124 -1.19332 0.013772 0.05248 

.00347 0.026344 -0.68561 0.012257 0.04951 
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3 SEDIMENT 2 5 
4 SEDIMENT 3 5 

Variable=RESID 

Variable=RESIDLOG 

Dependent Variable: 

Source 

Model 

Error 

Corrected Total 

Dependent Variable: 

Source 

Model 

Error 

Corrected Total 

0.190 
0.130 

.00660 0.036332 -0.75469 0.037367 0.08645 

.00465 0.030496 -0.94223 0.066666 0.11547 

CONTAMINANT BIOACCUMULATION DATA 
SHAPIRO-WILKS TEST FOR NORMALITY 

N 
W:Normal 

N 
W:Normal 

UNIVARIATE PROCEDURE 

20 
0.957973 Prob<W 

20 
0.980207 Prob<W 

0.5111 

0.9208 

CONTAMINANT BIOACCUMULATION DATA 
LEVENE'S TEST 

General Linear Models Procedure 

ABS DEV ABSOLUTE DEVIJl.TIONS FROM MEAN 
Sum of Mean 

DF Squares Square 

3 0.00647280 0.00215760 

16 0.01605600 0.00100350 

19 0.02252880 

AB SLOG ABSOLUTE DEVIATIONS FROM MEAN 
Sum of Mean 

DF Squares Square 

3 0.04702396 0.01567465 

16 0.11456390 0.00716024 

19 0.16158786 

CONTAMINANT BIOACCUMULATION DATA 
LSD TEST (UNTRANSFORMED DATA) 

General Linear Models Procedure 

T tests (LSD) for variable: CONC 

CONC. 

F Value Pr > F 

2.15 0.1339 

LOGCONC. 

F Value Pr > F 

2.19 0.1291 

NOTE: This test controls the type I comparisonwise error rate not the 
experimentwise error rate. 

Alpha= 0.1 df= 16 MSE= 0.003763 
Critical Value of T= 1.75 

Least Significant Difference= 0.0677 

Means with the same letter are not significantly different. 

"' Grouping Mean N TRT 

A 0.2120 5 SEDIMENT l 
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B 
B 
B 

A 
A 0.1900 5 SEDIMENT 

,. 0.1300 5 SEDIMENT '-' 

c 
c 0.0660 5 REFERENCE 

LSD TEST (LOG-TRANSFORMED DATA) 
Alpha= 0.1 df= 16 MSE= 0.032515 

Critical Value of T= 1.75 
Least Significant Difference= 0.1991 

Means with the same letter are not significantly different. 

Variable: CONC 

TRT 

REFERENCE 
SEDIMENT 1 

Variances 

Unequal 
Equal 

N 

5 
5 

T 

-5.2960 
-5.2960 

'T' 

B 
B 
B 

Grouping Mean N TRT 

A -0.686 5 SEDIMENT 
A 
A -0.755 5 SEDIMENT 

-0.942 5 SEDIMENT 

,. -1.193 5 REFERENCE '-' 

CONTAMINANT BIOACCUMULATION DATA 

TTEST PROCEDURE 

CONTAMINANT CONCENTRATION, ug/g 

DF 

4. 8 
8. 0 

Mean 

0.06600000 
0.21200000 

Prob> I Tl 

0.0039 
0.0007 

Std Dev 

0.01816590 
0.05890671 

For HO: Variances are equal, F' 10.52 DF ( 4, 4) Prob>F' 

Variable: LOGCONC 

TRT 

REFERENCE 
SEDIMENT 1 

Variances 

Unequal 
Equal 

N 

5 
5 

T 

-7.0366 
-7.0366 

LOGlO CONCENTRATION 

DF 

8. 0 
8. 0 

Mean 

-1.19331525 
-0.68561391 

Prob> I Tl 

0.0001 
0.0001 

Std Dev 

0.11735241 
0.11071260 

For HO: Variances are equal, F' = 1.12 DF = (4,4) Prob>F' 
CONTAMINANT BIOACCUMULATION DATA 
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2 

3 

1 

2 

3 

Std Error 

0.00812404 
0.02634388 

0.0426 

Std Error 

0.05248159 
0.04951218 

0.9128 
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Variable: CONC 

TRT 

REFERENCE 
SEDIMENT 2 

Variances 

Unequal 
Equal 

N 

5 
5 

T 

-3.3307 
-3.3307 

TTEST PROCEDURE 

CONTAMINANT CONCENTRATION, ug/g 

DF 

4.4 
8. 0 

Mean 

0.06600000 
0.19000000 

Prob> I Tl 

0.0258 
0.0104 

Std Dev 

0.01816590 
0.08124038 

For HO: Variances are equal, F' 20.00 DF ( 4, 4) 

Variable: LOGCONC 

TRT 

REFERENCE 
SEDIMENT 2 

Variances 

Unequal 
Equal 

N 

5 
5 

T 

-4. 3371 
-4. 3371 

LOGlO CONCENTRATION 

DF 

6. 6 
8. 0 

Mean 

-1.19331525 
-0.75469033 

Prob> I Tl 

0.0040 
0.0025 

Std Dev 

0.11735241 
0.19330562 

Prob>F' 

For HO: Variances are equal, F' = 2.71 DF ( 4' 4) Prob>F' 

Variable: CONC 

TRT 

REFERENCE 
SEDIMENT 3 

Variances 

Unequal 
Equal 

N 

5 
5 

T 

-2.0279 
-2.0279 

CONTAMINANT BIOACCUMULATION DATA 

TTEST PROCEDURE 

CONTAMINANT CONCENTRATION, ug/g 

DF 

4. 6 
8. 0 

Mean 

0.06600000 
0.13000000 

Prob> I Tl 

0.1045 
0.0771 

Std Dev 

0.01816590 
0.06819091 

For HO: Variances are equal, F' 14.09 DF ( 4, 4) 

Variable: LOGCONC 

TRT 

REFERENCE 
SEDIMENT 3 

Variances 

N 

5 
5 

T 

LOGlO CONCENTRATION 

Mean 

-1.19331525 
-0.94222501 

DF Prob> I Tl 

Std Dev 

0.11735241 
0.25819757 

Prob>F' 

Std Error 

0.00812404 
0.03633180 

0. 0132 

Std Error 

0.05248159 
0.08644890 

0.3570 

Std Error 

0.00812404 
0.03049590 

0.0252 

Std Error 

0.05248159 
0.11546947 
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Unequal 
Equal 

-1.9796 
-1.9796 

5.6 
8. 0 

0.0990 
0.0831 

For HO: Variances are equal, F' = 4.84 DF = (4,4) Prob>F' 

Variable=RESID 

CONTAMINANT BIOACCUMULATION DATA 
BIOACCUMULATION DATA CONVERTED TO RANKITS 

SHAPIRO-WILKS TEST FOR NORMALITY 

N 
l'J:Normal 

UNIVARIJl.TE PROCEDURE 

20 
0. 972308 Prob<W 0.7907 

CONTAMINANT BIOACCUMULATION DATA 
BIOACCUMULATION DATA CONVERTED TO RANKITS 

LEVENE'S TEST 

General Linear Models Procedure 

Dependent Variable: ABSDEV 
Sum of Mean 

0.1558 

Source DF Squares Square F Value 

Model 

Error 

Corrected Total 

3 0.24147324 0.08049108 

16 2.12865866 0 .1330411 7 

19 2.37013190 

CONTAMINANT BIOACCUMULATION DATA 
BIOACCUMULATION DATA CONVERTED TO RANKITS 

LSD TEST 

General Linear Models Procedure 

T tests (LSD) for variable: RANKIT 

0.61 

NOTE:This test controls the type I comparisonwise error rate not 
the experimentwise error rate. 

Means with 

'T' 

Alpha= 0.1 df= 16 MSE= 0.503649 
Critical Value of T= 1.75 

Least Significant Difference= 0.7836 

the same letter are not significantly different. 

Grouping Mean N TRT 

A 0.746 5 SEDIMENT l 
A 

B A 0.495 5 SEDIMENT 2 
B 
B c -0.248 5 SEDIMENT 3 

c 
,. -0.993 5 REFERENCE '-' 
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Variable: RANKIT 

TRT 

REFERENCE 
SEDIMENT 1 

Variances 

Unequal 
Equal 

N 

5 
5 

T 

-4.6920 
-4.6920 

CONTAMINANT BIOACCUMULATION DATA 
BIOACCUMULATION DATA CONVERTED TO RANKITS 

TTEST PROCEDURE 

RANK FOR VARIABLE CONC 

DF 

7. 0 
8. 0 

Mean 

-0.99338019 
0.74648762 

Prob> I Tl 

0.0022 
0.0016 

Std Dev 

0.46306944 
0.68780736 

For HO: Variances are equal, F' = 2.21 DF = (4,4) Prob>F' 

Variable: RANKIT 

TRT 

REFERENCE 
SEDIMENT 2 

Variances 

Unequal 
Equal 

N 

5 
5 

T 

-3.7583 
-3.7583 

CONTAMINANT BIOACCUMULATION DATA 
BIOACCUMULATION DATA CONVERTED TO RANKITS 

TTEST PROCEDURE 

RJl.NK FOR VARIJl.BLE CONC 

DF 

6. 6 
8. 0 

Mean 

-0.99338019 
0.49476200 

Prob> I Tl 

0.0079 
0.0056 

Std Dev 

0.46306944 
0.75465812 

For HO: Variances are equal, F' = 2.66 DF ( 4, 4) Prob>F' 

Variable: RANKIT 

TRT 

REFERENCE 
SEDIMENT 3 

Variances 

Unequal 
Equal 

N 

5 
5 

T 

-1.6908 
-1.6908 

CONTAMINANT BIOACCUMULATION DATA 
BIOACCUMULATION DATA CONVERTED TO RANKITS 

TTEST PROCEDURE 

RANK FOR VARIABLE CONC 

DF 

6 .1 
8. 0 

Mean 

-0.99338019 
-0.24786944 

Prob> I Tl 

0.1411 
0.1293 

Std Dev 

0.46306944 
0.87038805 

For HO: Variances are equal, F' = 3.53 DF ( 4' 4) Prob>F' 

Std Error 

0.20709095 
0.30759680 

0.4623 

Std Error 

0.20709095 
0.33749337 

0.3671 

Std Error 

0.20709095 
0.38924937 

0.2491 
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NO. 

CONTAMINANT BIOACCUMULATION DATA 
POWER OF LSD TO DETECT A TRUE POPULATION DIFFERENCE (D) 

ABOVE REFERENCE MEAN CONTAMINANT CONCENTRATION 

REFERENCE MEAN DEGREES 
OF MEAN SQUARE OF 

REPLICATES, CONTAMINANT ERROR, FREEDOM, T VALUE FOR 
N CONCENTRATION MSE DF (l-ALPHA=0.95,DF) 

5 0.066 .0037625 16 1.74588 

POWER OF LSD TO DETECT % INCREASE IN CONCENTRATION ABOVE REFERENCE 
MEAN CONTAMINANT CONCENTRATION GIVEN N, MSE AND DF SHOWN ABOVE 

96 INCREASE 
IN CONC. DREDGED T VJl.LUE 

ABOVE SEDIMENT FOR POWER 
REFERENCE BIOACCUMULATION D (1-BETA, DF) (1-BETA) 

10 0.0726 0.0066 -1.57576 0.06732 
25 0.0825 0.0165 -1.32056 0.10261 
50 0.0990 0.0330 -0.89524 0.19196 

100 0.1320 0.0660 -0.04460 0.48249 
200 0.1980 0 .1320 1.65668 0.94147 
300 0.2640 0.1980 3.35796 0.99800 

MINIMUM DREDGED SEDIMENT BIOACCUMULATION THAT CAN BE DETECTED BY LSD 
AS SIGNIFICANT GIVEN SPECIFIED POWER AND N, MSE, AND DF SHOWN ABOVE 

POWER 
(1-BETJI.) 

0.50 
0.60 
0.70 
0.80 
0.90 
0.95 
0.99 

D 

0.06773 
0.07772 
0.08849 
0.10127 
0.11959 
0.13546 
0.16796 

DREDGED 
SEDIMENT 

BIOACCUMULATION 

0.13373 
0.14372 
0.15449 
0.16727 
0.18559 
0.20146 
0.23396 

Q_ 
0 INCREASE 

IN CONC. 
ABOVE 

REFERENCE 

102.622 
117.763 
134.069 
153.446 
181.195 
205.244 
254.477 

T VALUE 
FOR 

(1-BETA, DF) 

0.00000 
0.25760 
0.53501 
0.86467 
1.33676 
1.74588 
2.58349 

COMPARISON OF MEAN DREDGED SEDIMENT BIOACCUMULATION WITH ACTION LEVEL: 
UPPER CONFIDENCE LIMITS (UCL) liifHEN VARIANCES ARE EQUAL 

UCL MEAN MINIMUM 
TREATMENT MEAN EQUAL SQUARE T VALUE FOR SIGNIFICANT 

GROUP BIOACCUMULATION VARIANCES) ERROR (1-Jl.LPHA=. 95, DF) DF DIFFERENCE 

SEDIMENT 1 0.212 0.25989 .0037625 1.74588 16 0.047893 
SEDIMENT 2 0.190 0.23789 .0037625 1.74588 16 0.047893 
SEDIMENT 3 0.130 0.17789 .0037625 1.74588 16 0.047893 
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COMPARISON OF MEAN DREDGED SEDIMENT BIOACCUMULATION WITH ACTION LEVEL: 

TREATMENT 
GROUP 

SEDIMENT 
SEDIMENT 
SEDIMENT 

96 

L60 

UPPER CONFIDENCE LIMITS (UCL) WHEN VARIANCES ARE UNEQUAL 

UCL MINIMUM 
MEAN (UNEQUAL T VALUE FOR SIGNIFICANT 

BIOACCUMULATION VARIANCES) VARIANCE (l-ALPHA=.95,N-l) N 

1 0.212 0.26816 .00347 2.13185 5 
2 0.190 0.26745 .00660 2.13185 5 
3 0.130 0.19501 .00465 2.13185 5 

POWER TO DETECT % DECREASE IN CONCENTRATION BELOW 
ACTION LEVEL OF 0.2 ug/g GIVEN N, MSE AND DF SHOWN ABOVE 

DECREASE 
BELOW MEAN DREDGED T VALUE 

ACTION SEDIMENT FOR POWER 
LEVEL BIOACCUMULATION D (1-BETA, DF) (1-BETA) 

10 0.18 0.02 -1.01680 0.16219 
20 0.16 0.04 -0.28772 0.38863 
30 0.14 0.06 0.44136 0.66757 
40 0.12 0.08 1.17045 0.87052 
50 0.10 0.10 1.89953 0.96216 
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Message 

From: 

Sent: 
To: 
Subject: 

Hi Jeff, 

Hunt, Laura [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 
(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =656A3346959A49059EEA513638B8F 1 lD-H U NT, LAU RA] 
5/3/20214:40:36 PM 
Jeffrey.F.Pinsky@usace.army.mil 
Matagorda ship channel/Alcoa 

Paul Kaspar mentioned that you were collecting contact information regarding some upcoming USACE projects. I have 
gotten a media inquiry regarding some of this and have some questions for you. I can be reached at 817-271-0992. 

Thanks so much, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

Follow EPA Region 6 on: 
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Message 

From: Hunt, Laura [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

Sent: 
(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =656A3346959A49059EEA513638B8F 1 lD-H U NT, LAU RA] 

12/13/20215:56:18 PM 

To: Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 

Subject: RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Hi Abe, 

I have a few follow-up questions for the MSCIP project: 

• It is EPA's understanding that an area of Dredge Island was allocated to the Corp for disposal. However, during 

our previous call, the Corp confirmed that disposal would not occur at dredge island due to stability issues. Has 

the Corp identified an alternative confined disposal area for any sediment that requires confined disposal? Does 

the Corp intend to conduct any modifications to the allotted area at Dredge Island so that it would be suitable 
for disposal? 

• What is the status of providing a response to the following question: 

o Section 5 .3 .11 Water Quality and 5 .3 .12 Sediment Quality (p. 159 EIS): indicates that "Under 
the recommended plan, factors that could affect DO include the increase in both water 
circulation and salinity" and that "There is potential for a change in hay-bottom velocities due to 
a wider and deeper channel and the actions taken as part of the DA£VP." The predominant 
remedy in the closed area at the Alcoa (Point Comfort)/Lavaca Bay Superfund Site is monitored 
natural attenuation (MNA). Has the Corps evaluated with modeling or some other analysis 
whether changes in bay-bottom velocity could potentially have any impacts to site MNA? Also, 
has the Corps evaluated possible impacts to MNA from increased shipping activity? 

• Per the EIS, sediment was characterized for mercury content based on historical datasets and the Adaptive 

Sediment Management Framework applied for determining disposal (Section 1.4.3 of the EIS). Just reconfirming 

that no additional data has been collected since the EIS to characterize mercury in sediment in the MSCIP 

project area and that decisions on how sediment is to be disposed/handled are based solely on data contained 

within the EIS? 

Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

From: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.army.mil> 

Sent: Monday, October 18, 2021 7:39 AM 

To: Hunt, Laura <Hunt.Laura@epa.gov> 

Cc: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil>; Finn, Lisa M CIV USARMY 

CESWG(USA)<Lisa.M.Finn@usace.army.mil>; Nealy, Franchelle E CIV USARMY CESWG (USA) 
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<Franchelle.E.Craft@usace.army.mil>; Neill, Ashley N CIV USARMY CESWG (USA)<Ashley.N.Neill@usace.army.mil> 

Subject: RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Importance: High 

Laura, 

Good morning. Based on our telecon on 07-27-2021, USACE was under the impression that you did not need to see the 

sampling and analysis plan beforehand as documented in Part 2.e in the attached minutes. The locations being sampled 

are based on us piggybacking on Geotech borings in order to use their drilling equipment. That equipment/work is 

expensive that we weren't mobilizing ourselves. The proposed sampling areas were overlaid with our traditional 

sampling areas to evaluate on a historical context. I am still waiting on a response to your first question, but a response 

to your second question is provided below. 

1. Still waiting for a response. 

2. Based on Table 39 of the EIS, New Work material [excavation beyond the current maintenance levels] from the 

area around the ALCOA Superfund site will go to unconfined Placement Areas NP6 and NP7. Attached email 

provides a map that shows the placement areas. 

I am available at 1500 hrs tomorrow afternoon; however I would like to pull in some of our subject matter experts into 

the call if at all possible. Please let me know if the proposed time works for you and I will try to get as many of these 

people on the phone call with you. 

Thank you, 

Abe Pinon, P.E. 

Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 

Cell: (817) 223-7504 

A..b..t:.<?!.m. ... .P.i.nS?..n.@.u.~.£\.t;;.?..,.<?!.r.mv ... m.i.l. 

From: Hunt, Laur a <.ti.~.!Lt..J..A!:~.f.~i.@.?.P~!.:W?.Y.> 
Sent: Thursday, October 14, 2021 2:28 PM 

To: Pinon, Abram CIV USARMY CESWF(USA)<Abr2m.Pinon@us2ce.arrny.mil> 

Cc: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher.B.Ford@usace.anny.rnil> 

Subject: [Non-DoD Source] RE: Alcoa (Point Comfort)/lavaca Bay Superfund Site: Matagorda Ship Channel 

Hi Abe, 

Thank you for the update. Can we have a call on Monday or Tuesday? 

Laura 

From: Pinon, Abram CIV USARMY CESWF (USA) <Al?.r.~Hn.:.2.i.!J.~?.!J.@.!:~.?.'.:!S:.5J.:.~~X!T!.Y.Jn.'.J.> 
Sent: Thursday, October 14, 202112:26 PM 

To: Hunt, Laura <Hunt.Laura@epa.gov> 

Cc: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher.B.Ford@usace.army.rnil> 

Subject: RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 
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Laura, 

I am currently awaiting a response from some team members. I will get a reply to you once I get all responses in. I am 

sorry of the delay. 

Abe Pinon, P.E. 

Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 
Cell: (817) 223-7504 
Abram.Pinon@usace.arrny.mil 

From: Hunt, Laura <1:Jun.t.t<?!.!:!.Ul.@.§.P..?..,fl9.Y..> 
Sent: Thursday, October 14, 202111:34 AM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher.B.Ford@usace.armyJnil> 

Cc: Pinon, Abram CIV USARMY CESWF (USA) <A..b..rn.m. ... P.Jn_gn.@.u.~.? .. t;;.?..:?..n:n.v ... m.i.!.> 
Subject: [Non-DoD Source] RE: Alcoa (Point Comfort)/lavaca Bay Superfund Site: Matagorda Ship Channel 

Importance: High 

Brandon, 

A Community Advisory Board (CAB) meeting for the Alcoa/Lavaca Bay superfund site is scheduled for later this month. It 

is important that EPA have the latest update/status on the Matagorda Ship Channel project. Do you have availability for 
a call next week? Please let me know as soon as possible if you have any responses to my previous email. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 
Dallas, Texas 75270 
P: 214-665-9729 

From: Hunt, Laura 

Sent: Tuesday, October 12, 2021 5:16 PM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher.B.Ford@usace.anny.inil> 

Cc: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.arrny.mil> 

Subject: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Hi Brandon, 

On May 14 you sent a re-cap email stating that there will be future meetings on the project's dredge material 

management plan and sediment testing plan. Do you have a status on those documents because I heard that a contract 

had been awarded for the sediment testing plan. EPA would like the opportunity to review and comment on the 
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sediment testing and dredge material management plans. My concern is that the proposed dredge area is adequately 

characterized as there are still potential hotspot areas that exceed sediment RAOs for mercury within the Carp's project 

acrea. See attached results from recent sediment sampling conducted in the LNG terminal project area by Alcoa that is 

adjacent to the Carp's proposed turning basin area. 

lastly, EPA is still awaiting to hear back on questions from our June 25 letter. Please provide a status update on the 
following: 

• Section 5.3.11 Water Quality and 5.3.12 Sediment Quality (p. 159 EIS): indicates that "Under 
the recommended plan, factors that could affect DO include the increase in both water 
circulation and salinity" and that "There is potential for a change in bay-bottom velocities due to 
a wider and deeper channel and the actions taken as part of the DMMP." The predominant 
remedy in the closed area at the Alcoa (Point Comfort)/Lavaca Bay Superfund Site is monitored 
natural attenuation (MNA). Has the Corps evaluated with modeling or some other analysis 
whether changes in bay-bottom velocity could potentially have any impacts to site MNA? Also, 
has the Corps evaluated possible impacts to MNA from increased shipping activity? 

• Section 4.2.2 Impacted Sediments (p.49 EIS): states that "Based on the analyses, all average 
mercury concentrations were below the RAO of0.25 mg/kgfor critical habitats (marsh-type) and 
ther~fore, there should be no restrictions on the use of the dredged material." EPA is requesting 
clarification on where the Corps intends to place dredge material removed from the closed area 
and whether there will be confirmatory sampling before disposal occurs. Placement of site 
associated material outside the superfund site may invoke land disposal restrictions. 

Please let me know when you are available to discuss this further. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 
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Dallas, Texas 75270 
P: 214-665-9729 
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Message 

From: 

Sent: 
To: 
Subject: 

Hi Abe, 

Hunt, Laura [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 
(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =656A3346959A49059EEA513638B8F 1 lD-H U NT, LAU RA] 
5/10/2021 7:15:41 PM 
Abram.Pinon@usace.army.mil 
Alcoa (Point Comfort) Superfund Site 

I am the RPM for the Alcoa superfund site and would like to set up a call to discuss the upcoming projects scheduled for 

the Matagorda ship channel. Is there a time that is best for you? 

Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

Follow EPA Region 6 on: 
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Message 

From: 

Sent: 
To: 

Subject: 

Hi Brandon, 

Hunt, Laura [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =656A3346959A49059EEA513638B8F 1 lD-H U NT, LAU RA] 

5/12/202112:23:27 PM 

Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil] 

RE: Alcoa (Point Comfort) Superfund site 

I have a meeting at 10am but are available after 1:30pm today and tomorrow after 11 am. Otherwise, we can schedule 

for next week. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

Follow EPA Region 6 on: 

From: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil> 

Sent: Tuesday, May 11, 20214:35 PM 

To: Hunt, Laura <Hunt.Laura@epa.gov> 

Subject: RE: Alcoa (Point Comfort) Superfund site 

Hi Laura, 

Thank you for reaching out. I would be available for a call this Friday morning around 10:00AM. Does this time work for 

you? If so, I can set up a web-ex meeting for that time. 

Respectfully, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 
Environmental Branch 

USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 

Em a i I: (;hU.!i.t.9.P.l.!.~L.. .. !?.:..f.grd.@ .. V?..ALf.,.Ar..u:!.Y.:..fY.1.!.l 
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Web Ex Teleconference line: 1-844-800-2712 

Access Code: 199 720 3559 

From: Hunt, Laura <HunLLaura@lepa.gov> 

Sent: Tuesday, May 11, 2021 2:51 PM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <_(;.f.!.r:!.~Jgp_f.!.?.L: .. ~:.f.9L9 . .@.!:~.~-~y;_f.:.~H.!I!.Y..,Xn.Li.> 
Subject: [Non-DoD Source] Alcoa (Point Comfort) Superfund site 

Hi Brandon, 

I am the RPM for the Alcoa superfund site and would like to set up a call to discuss the upcoming projects scheduled for 

the Matagorda ship channeL Is there a time that is best for you? 

Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 
1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

Follow EPA Region 6 on: 
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Message 

From: 

Sent: 
To: 

Subject: 

Hi Brandon, 

Hunt, Laura [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =656A3346959A49059EEA513638B8F 1 lD-H U NT, LAU RA] 

5/11/2021 7:51:12 PM 

Christopher.B.Ford@usace.army.mil 

Alcoa (Point Comfort) Superfund site 

I am the RPM for the Alcoa superfund site and would like to set up a call to discuss the upcoming projects scheduled for 

the Matagorda ship channel. Is there a time that is best for you? 

Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

Follow EPA Region 6 on: 
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Message 

From: 

Sent: 
To: 

Subject: 

Hunt, Laura [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =656A3346959A49059EEA513638B8F 1 lD-H U NT, LAU RA] 

5/12/2021 6:22:02 PM 

Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil] 

RE: Alcoa (Point Comfort) Superfund site 

Yes, please include Simon Payne and Jon Rauscher on the invite . 

. ~.!2Y!.L:.P..~~.Y.L~.\£?J0.?.~l.t~.0..~~5 .. EY.\'. 
RauscherJon@epa.gov 

Those dates/times do not look good for Jon, the site risk assessor. I could do this Friday as you originally proposed. That 

meeting can be moved and Jon is free till 10:30am 

From: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil> 

Sent: Wednesday, May 12, 202112:52 PM 

To: Hunt, Laura <Hunt.Laura@epa.gov> 

Subject: RE: Alcoa (Point Comfort) Superfund site 

Hi Laura, 

I will be busy the rest of the week at those times. Would you be available for a meeting next week on Wednesday the 
19th at 10:00 AM, or Friday 2l5t anytime from 9-12AM or 2-4 PM? 

Also, is there anyone from a state agency that you are partnered with that you would like to be included on the call? If 

so, I can send out an invite to them as well. 

Respectfully, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 

Environmental Branch 

USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 

Em a i I: (;hU.!i.t9El.!.~L.. .. !?.Jgrd.@..V?..A~.f.,.Ar..u:!.Y.JY.1.!.l 

Web Ex: https://usacel.webex.corn/rneet/christopher.bJord 
Web Ex Teleconference Line: 1-844-800-2712 

Access Code: 199 720 3559 

From: Hunt, Laura <HunU.aura@epa.gov> 

Sent: Wednesday, May 12, 2021 7:23 AM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <~b.r..L~t9..P..b.?L.~.J.9..r..9.@.~.1.~.?.f.~:.9.IX1J.Y.:.!JJ.iJ> 
Subject: [Non-DoD Source] RE: Alcoa (Point Comfort) Superfund site 

Hi Brandon, 
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I have a meeting at 10am but are available after 1:30pm today and tomorrow after 11 am. Otherwise, we can schedule 

for next week. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

Follow EPA Region 6 on: 

From: Ford, Christopher B CIV USARMY CESWF (USA) <ChristopherJ3Jord@lusace.army.rnil> 
Sent: Tuesday, May 11, 20214:35 PM 

To: Hunt, Laura <HunU .. aurn@epa.gov> 

Subject: RE: Alcoa (Point Comfort) Superfund site 

Hi laura, 

Thank you for reaching out. I would be available for a call this Friday morning around 10:00AM. Does this time work for 

you? If so, I can set up a web-ex meeting for that time. 

Respectfully, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 

Environmental Branch 
USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 

Em a i I: £;.b.r..!.~.t9.P.b.f?.r..,.~_,f9.r..9.@.~J..$.f.\(fA.t:.rnY..,.M.iJ. 

Web Ex: https:/ /usacel.webex,eom/meet/christopher.b.ford 
Web Ex Teleconference Line: 1-844-800-2712 

Access Code: 199 720 3559 

From: Hunt, Laura <Hunt.Laura@epa.gov> 

Sent: Tuesday, May 11, 2021 2:51 PM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <£;b.r.L~.t.~?.Pb.§.!:.,.B.:f.~?.fE1.@.~.!.~.~~-f:.?.:.~~-!J.~.!.Y.:.!T!.!.!> 
Subject: [Non-DoD Source] Alcoa (Point Comfort) Superfund site 
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Hi Brandon, 

I am the RPM for the Alcoa superfund site and would like to set up a call to discuss the upcoming projects scheduled for 

the Matagorda ship channel. Is there a time that is best for you? 

Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

Follow EPA Region 6 on: 

ED_013073_00000035-00003 



Message 

From: Hunt, Laura [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

Sent: 
(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =656A3346959A49059EEA513638B8F 1 lD-H U NT, LAU RA] 

6/10/20211:38:31 AM 

To: 

CC: 

Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil]; Pinsky, Jeffrey F CIV USARMY 

CESWF (USA) [Jeffrey.F.Pinsky@usace.army.mil]; Pinon, Abram CIV USARMY CESWF (USA) 

[Abram.Pinon@usace.army.mil] 

Simon Payne [Simon.Payne@tceq.texas.gov] 

Subject: RE: Alcoa (Point Comfort) Superfund site discussion meeting re-cap 

Hi Brandon, 

I appreciate the recap. Regarding our discussion, I would appreciate more clarification on the following items: 

• For the sampling workplan: Is the Corps planning to sample before dredging? 

• Where is the proposed placement for "turning basin" or any other material dredged within the closed area. Is 

any of this material to be placed outside the closed area? 

• The Environmental Impact Statement indicates that "Under the recommended plan, factors that could affect DO 
include the increase in both water circulation and salinity" and that "There is potential for a change in bay

bottom velocities due to a wider and deeper channel and the actions taken as part of the DM MP". The 

predominant remedy in the closed area at the Alcoa superfund site is monitored natural attenuation (MNA). Has 
the Corps evaluated with modeling or some other analysis whether changes in bay-bottom velocity could 

potentially have any impacts to the site MNA? Also, has the Corps evaluated possible impacts to MNA from 

increased shipping activity? 

Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

Follow EPA Region 6 on: 

From: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil> 

Sent: Friday, May 14, 202111:22 AM 

To: Hunt, Laura <Hunt.Laura@epa.gov>; Pinsky, Jeffrey F CIV USARMY CESWF(USA)<Jeffrey.F.Pinsky@usace.army.mil>; 

Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.army.mil>; Simon.Payne@tceq.texas.gov; Rauscher, Jon 

<Rauscher.Jon@epa.gov> 

Cc: Clark, David S CIV USARMY CESWF(USA)<David.S.Clark@usace.army.mil>; Nealy, Franchelle E CIV USARMY CESWG 

(USA) <Franchelle.E.Craft@usace.army.mil>; Lumen, Mark L CIV USARMY CESWG (USA) 
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<Mark.L.Lumen@usace.army.mil>;Willey, Sheridan S (Sheri) CIV USARMY CESWG (USA) 

<Sheridan.S.Willey@usace.army.mil>; Hamm, Francisco G (Paco) CIV USARMY CESWG (USA) 

<Francisco.G.Hamm@usace.army.mil> 

Subject: Alcoa (Point Comfort) Superfund site discussion meeting re-cap 

Good afternoon, 

I just wanted to send out a re-cap of the meeting discussion that we had during our meeting this morning regarding the 

Alcoa Superfund site in regards to the Matagorda Ship Channel project. 

Today we had a brief call with EPA and TCEQ regarding the Matagorda Ship Channel project and schedule. The main 

talking points included introducing the members of each team and their roles with the project, describing the 

background project information to bring everyone up to speed on the process, and the expected project timeline. 

Specific project detail discussions were tabled to future meetings so as to allow each side to further review and develop 
their responses. Specific topics to be included for future meetings includes the project's dredge material management 

plan (DMMP) and sediment testing plan. 

We look forwards to working with EPA and TCEQ so as to provide the best DMMP and sediment testing plans that 

adhere to local state and federal procedures required under law. Please be on the lookout for future meetings as we 

progress with our project and thank you to everyone who attended our call today on this Friday morning. 

Respectfully, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 

Environmental Branch 

USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 

Em a i I: £;.b.r..!.~.t9.P..b.f?.r..,.~_,f9.r..9.@.~J..$.f.\(fA.t:.rnY..,.M.iJ. 

Web Ex: https://us2c0Lweb0x.com/meet/christoph0r.b.ford 
Web Ex Teleconference Line: 1-844-800-2712 

Access Code: 199 720 3559 
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Appointment 

From: Hunt, Laura [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =656A3346959A49059EEA513638B8F 1 lD-H U NT, LAU RA] 
on behalf of Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 

Sent: 10/19/20214:57:10 PM 
To: Simon Payne [Simon.Payne@tceq.texas.gov] 

Subject: FW: Discussion with EPA-Superfund on MSC 

Attachments: [Non-DoD Source] RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Start: 10/19/20218:00:00 PM 
End: 10/19/20218:30:00 PM 
Show Time As: Tentative 

Importance: High 

-----Original Appointment-----

From: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.army.mil> 

Sent: Monday, October 18, 202111:04 PM 

To: Pinon, Abram CIV USARMY CESWF (USA); Hunt, laura; Ford, Christopher B CIV USARMY CESWF (USA); Nealy, 

Franchelle E CIV USARMY CESWG (USA); Finn, Lisa M CIV USARMY CESWG (USA); Neill, Ashley N CIV USARMY CESWG 
(USA) 

Cc: Watson, Justyss A CIV USARMY CESWF (USA) 

Subject: Discussion with EPA-Superfund on MSC 

When: Tuesday, October 19, 2021 3:00 PM-3:30 PM (UTC-06:00) Central Time (US & Canada). 
Where: 

Importance: High 

All, 

The attached email will be a topic of discussion with Ms. laura Hunt of the EPA-Superfund department. 

1-844-800-2712 

Access Code: 199 217 1191 
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Message 

From: 
Sent: 
To: 
CC: 

Subject: 

Hi Abe, 

Hunt, Laura [Hunt.Laura@epa.gov] 
10/18/20213:18:02 PM 
Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 
Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil]; Finn, Lisa M CIV USARMY 
CESWG (USA) [Lisa.M.Finn@usace.army.mil];Nealy, Franchelle E CIV USARMY CESWG (USA) 
[Franchelle.E.Craft@usace.army.mil];Neill, Ashley N CIV USARMY CESWG (USA) [Ashley.N.Neill@usace.army.mil] 
[Non-DoD Source] RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

The issue is that new data indicates that there are sediment areas in proximity of the MSCIP project area that exceed 

RAOs. Are the sample locations in the image below what you are referring to as "traditional sample areas"? 

I am available tomorrow at 1500 hrs for a call. Thanks, 

Laura 

From: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.army.mil> 

Sent: Monday, October 18, 2021 7:39 AM 

To: Hunt, Laura <Hunt.Laura@epa.gov> 

Cc: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil>; Finn, Lisa M CIV USARMY 

CESWG(USA)<lisa.M.Finn@usace.army.mil>; Nealy, Franchelle E CIV USARMY CESWG (USA) 

<Franchelle.E.Craft@usace.army.mil>; Neill, Ashley N CIV USARMY CESWG (USA)<Ashley.N.Neill@usace.army.mil> 

Subject: RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Importance: High 
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Laura, 

Good morning. Based on our telecon on 07-27-2021, USACE was under the impression that you did not need to see the 

sampling and analysis plan beforehand as documented in Part 2.e in the attached minutes. The locations being sampled 

are based on us piggybacking on Geotech borings in order to use their drilling equipment. That equipment/work is 

expensive that we weren't mobilizing ourselves. The proposed sampling areas were overlaid with our traditional 
sampling areas to evaluate on a historical context. I am still waiting on a response to your first question, but a response 

to your second question is provided below. 

1. Still waiting for a response. 

2. Based on Table 39 of the EIS, New Work material [excavation beyond the current maintenance levels] from the 

area around the ALCOA Superfund site will go to unconfined Placement Areas NP6 and NP7. Attached email 

provides a map that shows the placement areas. 

I am available at 1500 hrs tomorrow afternoon; however I would like to pull in some of our subject matter experts into 

the call if at all possible. Please let me know if the proposed time works for you and I will try to get as many of these 

people on the phone call with you. 

Thank you, 

Abe Pinon, P.E. 

Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 

Cell: (817) 223-7504 

/\bram.Pinon(@usace,armyJnil 

From: Hunt, Laura <HunLLaura@epa.gov> 

Sent: Thursday, October 14, 2021 2:28 PM 
To: Pinon, Abram CIV USARMY CESWF (USA) </\bramYinon@usace,army,mil> 

Cc: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.arrny.mil> 

Subject: [Non-DoD Source] RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Hi Abe, 

Thank you for the update. Can we have a call on Monday or Tuesday? 

Laura 

From: Pinon, Abram CIV USARMY CESWF(USA)</\bram.?inon@usace.arrnv.mil> 

Sent: Thursday, October 14, 202112:26 PM 

To: Hunt, Laura <Hunt.Laura@epa.gov> 

Cc: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.arrny.mil> 

Subject: RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Laura, 

I am currently awaiting a response from some team members. I will get a reply to you once I get all responses in. I am 

sorry of the delay. 
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Abe Pinon, P.E. 

Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 
Cell: (817) 223-7504 
Abram.Pinon@usace.arrny.mil 

From: Hunt, Laura <HunLLaurn@lepa.gov> 

Sent: Thursday, October 14, 202111:34 AM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <.(.f.!X:!.?J9P.f.!.?.L: .. ~:.f.9L9 . .@.!:~.?.~Y;.f.:.~H.!I!.Y..,Xn.Li.> 
Cc: Pinon, Abram CIV USARMY CESWF (USA) <AbramYinon@usace.armyJnil> 

Subject: [Non-DoD Source] RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Importance: High 

Brandon, 

A Community Advisory Board (CAB) meeting for the Alcoa/Lavaca Bay superfund site is scheduled for later this month. It 

is important that EPA have the latest update/status on the Matagorda Ship Channel project. Do you have availability for 

a call next week? Please let me know as soon as possible if you have any responses to my previous email. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 
Dallas, Texas 75270 
P: 214-665-9729 

From: Hunt, Laura 

Sent: Tuesday, October 12, 2021 5:16 PM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <.(.b.r.i.?.t9P.b.?.L.~ .. .f.g.r.!.:J .. @.q?.?..5;.f.,_§.f.DJY,m.LI.> 
Cc: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.arrny.mil> 

Subject: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Hi Brandon, 

On May 14 you sent a re-cap email stating that there will be future meetings on the project's dredge material 

management plan and sediment testing plan. Do you have a status on those documents because I heard that a contract 

had been awarded for the sediment testing plan. EPA would like the opportunity to review and comment on the 

sediment testing and dredge material management plans. My concern is that the proposed dredge area is adequately 
characterized as there are still potential hotspot areas that exceed sediment RAOs for mercury within the Carp's project 

acrea. See attached results from recent sediment sampling conducted in the LNG terminal project area by Alcoa that is 

adjacent to the Carp's proposed turning basin area. 
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Lastly, EPA is still awaiting to hear back on questions from our June 25 letter. Please provide a status update on the 

following: 

• Section 5.3.11 Water Quality and 5.3.12 Sediment Quality (p. 159 EIS): indicates that "Under 
the recommended plan, factors that could affect DO include the increase in both water 
circulation and salinity" and that "There is potential for a change in bay-bottom velocities due to 
a wider and deeper channel and the actions taken as part of the DA1MP." The predominant 
remedy in the closed area at the Alcoa (Point Comfort)/Lavaca Bay Superfund Site is monitored 
natural attenuation (MNA). Has the Corps evaluated with modeling or some other analysis 
whether changes in bay-bottom velocity could potentially have any impacts to site MNA? Also, 
has the Corps evaluated possible impacts to MNA from increased shipping activity? 

• Section 4.2.2 Impacted Sediments (p.49 EIS): states that "Based on the analyses, all average 
mercwy concentrations were below the RAO of 0.25 mg/kg for critical habitats (marsh-type) and 
therefore, there should be no restrictions on the use of the dredged material." EPA is requesting 
clarification on where the Corps intends to place dredge material removed from the closed area 
and whether there will be confirmatory sampling before disposal occurs. Placement of site 
associated material outside the superfund site may invoke land disposal restrictions. 

Please let me know when you are available to discuss this further. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 
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Message 

From: Hunt, Laura [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

Sent: 
(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =656A3346959A49059EEA513638B8F 1 lD-H U NT, LAU RA] 
6/15/2021 4:48:38 PM 

To: 
CC: 

Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil] 
Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 

Subject: RE: Matagorda Ship Channel Improvement- ICT Meeting time follow up 

Hi Brandon, 

Alcoa has just sent a sampling plan to EPA for work that is to occur in the area below. Alcoa indicated that this project is 

to occur this summer and that this is part of the upcoming Matagorda Ship Channel improvement project? Can you 

please determine if this part of the same project? 

Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 

P: 214-665-9729 

Follow EPA Region 6 on: 
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From: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil> 

Sent: Monday, June 14, 2021 2:59 PM 

To: Hunt, laura <Hunt.laura@epa.gov> 

Cc: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.army.mil> 
Subject: RE: Matagorda Ship Channel Improvement- ICT Meeting time follow up 

Hi laura, 

Thank you for the quick response. I am working with my team to get some answers to those questions for you. Once we 

do, I would be happy to set up a quick call to go over them. 

Respectfully, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 

Environmental Branch 

USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 

Email: ChristopheLftFord@USACE.Arrny.Mil 

Web Ex: b.HP!i.:.fb~.?.~Y:.5JJ,YY.fJ!..5J.?;.,_0.~?.!I!./.t:I.\?.fJ/.~J.!XJ.?J9P.[.!.5JL.l?.:.f9..U~. 
Web Ex Teleconference line: 1-844-800-2712 

Access Code: 199 720 3559 

From: Hunt, Laura <Hunt.Laura@lepa.gov> 

Sent: Monday, June 14, 2021 2:53 PM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher.B.Ford@usace.army.rnil> 

Subject: [Non-DoD Source] RE: Matagorda Ship Channel Improvement- ICT Meeting time follow up 

I am available July 12 at 10. Thanks for setting this up. Also, does the Corp have any thoughts on those questions. Did 
you want to setup a separate call to discuss? Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 
1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

Follow EPA Region 6 on: 
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From: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher.B.Ford@Jusace,armyxnil> 

Sent: Monday, June 14, 20211:44 PM 

To: Lindsey George <Lindsev.George@tpwd.texas.gov>; Culbertson, Jan C <ian culbertson@fws.gov>; Kaspar, Paul 

<kaspar.paul@Jepa,gov>; Hunt, Laura <Hunt.Laura@Jepa,gov>; Stevens Charrish <Charrish Stevens@Jfws.gov> 

Subject: Matagorda Ship Channel Improvement- ICT Meeting time follow up 

Hello team, 

Thank you to everyone who sent me their availabilities for the upcoming Matagorda Ship Channel project ICT meetings. 

Due to an unforeseen Jury duty summons, I am no longer available to host our follow up meeting on the dates listed in 

my previous emails. 

Would everyone be available for a meeting scheduled on July 12th at 10:00 instead? 

Please shoot me your response and I hope to send out a meeting invite soon. I appreciate all of your time and know that 

things are very busy this season, especially around an upcoming holiday. 

Respectfully, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 

Environmental Branch 

USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 
Email: Christopher. B.Ford(@USACEJ\rmy.tv1il 

Web Ex: https:/ /usacel. webex.com/meet/christopher.b.ford 
Web Ex Teleconference Line: 1-844-800-2712 
Access Code: 199 720 3559 
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Message 

From: Hunt, Laura [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =656A3346959A49059EEA513638B8F 1 lD-H U NT, LAU RA] 
Sent: 6/28/20214:07:21 PM 
To: Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil] 

CC: Simon Payne [Simon.Payne@tceq.texas.gov]; Morosky, Ronald M. [Ronald.Morosky@alcoa.com]; 

ffh@calhounport.com; harmon.n.brown@usace.army.mil 

Subject: Alcoa (Point Comfort)/Lavaca Bay 

Attachments: EPA Letter_EIS_6.21.21.docx 

Brandon, 

As discussed, attached is a letter outlining EPA's concerns over the proposed dredging projects for Port Comfort and the 

Matagorda Ship Channel. A hard copy of this letter was mailed last Friday, June 25. We look forward to working with 

the Corps to minimize any potential negative impacts to the Alcoa (Point Comfort)/ Lavaca Bay Superfund site. 

Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

Follow EPA Region 6 on: 
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[ EMBED MSPhotoEd.3 ] 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 6 

Colonel Timothy R. Vail 
District Commander 
Attention: Mr. Harmon Brown 

1201 ELM STREET, SUITE 500 
DALLAS, TEXAS 75270 

June 25, 2021 

Galveston District, U.S. Army Corps of Engineers 
Post Office Box 1229 
Galveston, Texas 77553-1229 

Re: Matagorda Ship Channel Improvement Project (MSCIP) 
Feasibility Report and Environmental Impact Statement (EIS) 

Dear Colonel Vail, 

On May 14, 2021, the Environmental Protection Agency (EPA) and the Texas Department of 
Environmental Quality (TCEQ) held a conference call with the U.S. Army Corp of Engineers (Corps) to 
discuss the status of the Matagorda Ship Channel Improvement Project (MSCIP) and any potential 
impact this could have on the Alcoa (Point Comfort)/Lavaca Bay Superfund site. It is EPA's 
understanding that the MSC IP is still in the Planning, Engineering, and Design phase of the study. The 
EPA has reviewed the Environmental Impact Statement (EIS) for the MSCIP and has several concerns 
which were brought up to the Corps on the conference call and in a follow-up email sent June 9, 2021. 
As of the date of this letter, EPA is awaiting Corps response on the following issues: 

• Section 5.3.11 Water Quality and 5.3.12 Sediment Quality (p. 159 EIS): indicates that 
"Under the recommended plan, factors that could affect DO include the increase in both 
water circulation and salinity" and that "There is potential.for a change in bay-bottom 
velocities due to a wider and deeper channel and the actions taken as part of the 
DMMP." The predominant remedy in the closed area at the Alcoa (Point 
Comfort)/Lavaca Bay Superfund Site is monitored natural attenuation (MNA). Has the 
Corps evaluated with modeling or some other analysis whether changes in bay-bottom 
velocity could potentially have any impacts to site MNA? Also, has the Corps evaluated 
possible impacts to MNA from increased shipping activity? 

This paper is printed with vegetable-oil-based inks and is 100-percent postconsumer recycled material, 
chlorine-free-processed and recyclable 
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• Section 4.2.2 Impacted Sediments (p.49 EIS): states that "Based on the analyses, all 
average mercury concentrations were below the RAO of 0.25 mg/kg for critical habitats 
(marsh-type) and therefore, there should he no restrictions on the use of the dredged 
material." EPA is requesting clarification on where the Corps intends to place dredge 
material removed from the closed area and whether there will be confirmatory sampling 
before disposal occurs. Placement of site associated material outside the superfund site 
may invoke land disposal restrictions. 

In addition to the comments above, EPA notes as an example the statement in the EIS: "Dredge material 
will he testedfor contaminants and, (/any are found, the Non-Federal Sponsor will he responsible for 
all costs of cleanup and response, including the costs of any studies and investigations necesswy to 
determine an appropriate response to the contamination. Such costs shall he paid solely by the Non
Federal Sponsor without reimbursement or credit by the Government." Liability to the United States 
under CERCLA for releases of hazardous substances into the environment cannot be transferred using 
contractual arrangements. The statement in the EIS may reflect an agreement between the Corps and the 
Non-Federal Sponsor, but does not relieve any party from potential CERCLA liability for MSCIP 
activities if they interfere with the ongoing CERCLA response action or involve further release or 
improper disposal of hazardous substances. 

In years past, the EPA Region 6 Superfund program has worked with the Corps and the Calhoun Port 
Authority to provide detailed review and comment on work plans for maintenance dredging, to arrive at 
technical solutions avoiding injury to the ongoing Superfund response action. Many of these past 
discussions have also included the state and federal natural resource trustee agencies, to avoid injury to 
the natural resource restoration projects for the Alcoa/Lavaca Bay Superfund Site, as well as to the 
Superfund response action. 

We look forward to working with the Corps to minimize any potential negative impacts to the Alcoa 
(Point Comfort)/ Lavaca Bay Superfund site. Please contact me at [ HYPERLINK 
"mailto:hunt.laura@epa.gov"] or 214-665-6729 with any questions and to set up some times for further 
discussion. 

cc: Ron Morosky, Alcoa 
Simon Payne, TCEQ 
Christopher (Brandon) Ford, USACE 

ED_013073_00000041-00002 

Sincerely, 

Laura R. Hunt, PhD 
Project Manager 



Felicia Harral, Calhoun Port Authority 

This paper is printed with vegetable-oil-based inks and is 100-percent postconsumer recycled material, 
chlorine-free-processed and recyclable 
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Message 

From: 

Sent: 
To: 

CC: 

Subject: 

Hi Abe, 

Hunt, Laura [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =656A3346959A49059EEA513638B8F 1 lD-H U NT, LAU RA] 

10/18/20213:18:02 PM 

Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 

Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil]; Finn, Lisa M CIV USARMY 

CESWG (USA) [Lisa.M.Finn@usace.army.mil];Nealy, Franchelle E CIV USARMY CESWG (USA) 
[Franchelle.E.Craft@usace.army.mil];Neill, Ashley N CIV USARMY CESWG (USA) [Ashley.N.Neill@usace.army.mil] 

RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

The issue is that new data indicates that there are sediment areas in proximity of the MSCIP project area that exceed 

RAOs. Are the sample locations in the image below what you are referring to as "traditional sample areas"? 

I am available tomorrow at 1500 hrs for a call. Thanks, 

Laura 

From: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.army.mil> 

Sent: Monday, October 18, 2021 7:39 AM 

To: Hunt, Laura <Hunt.Laura@epa.gov> 
Cc: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil>; Finn, Lisa M CIV USARMY 
CESWG(USA)<Lisa.M.Finn@usace.army.mil>; Nealy, Franchelle E CIV USARMY CESWG (USA) 

<Franchelle.E.Craft@usace.army.mil>; Neill, Ashley N CIV USARMY CESWG (USA)<Ashley.N.Neill@usace.army.mil> 

Subject: RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 
Importance: High 
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Laura, 

Good morning. Based on our telecon on 07-27-2021, USACE was under the impression that you did not need to see the 

sampling and analysis plan beforehand as documented in Part 2.e in the attached minutes. The locations being sampled 

are based on us piggybacking on Geotech borings in order to use their drilling equipment. That equipment/work is 
expensive that we weren't mobilizing ourselves. The proposed sampling areas were overlaid with our traditional 

sampling areas to evaluate on a historical context. I am still waiting on a response to your first question, but a response 

to your second question is provided below. 

1. Still waiting for a response. 

2. Based on Table 39 of the EIS, New Work material [excavation beyond the current maintenance levels] from the 

area around the ALCOA Superfund site will go to unconfined Placement Areas NP6 and NP7. Attached email 
provides a map that shows the placement areas. 

I am available at 1500 hrs tomorrow afternoon; however I would like to pull in some of our subject matter experts into 

the call if at all possible. Please let me know if the proposed time works for you and I will try to get as many of these 

people on the phone call with you. 

Thank you, 

Abe Pinon, P.E. 

Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 

Cell: (817) 223-7504 

A..b..t:.<?!.m. ... .P.i.nS?..n.@.u.~.£\.t;;.?..,.<?!.r..mv ... m.i.l. 

From: Hunt, Laur a <.ti.~.!Lt..J..A!:~.f.~i.@.?.P~!.:W?.Y.> 
Sent: Thursday, October 14, 2021 2:28 PM 

To: Pinon, Abram CIV USARMY CESWF(USA)<Abr2m.Pinon@us2ce.arrny.mil> 

Cc: Ford, Christopher B CIV USARMY CESWF (USA) <~h.U.~JS?.P.f.!.?.f..,.3_,_f.gx:!.:J.@.!:~.~-~Y;.5J.:.~H.!T!.Y..,En.'.J.> 
Subject: [Non-DoD Source] RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Hi Abe, 

Thank you for the update. Can we have a call on Monday or Tuesday? 

Laura 

From: Pinon, Abram CIV USARMY CESWF (USA) <Al?.r.~Hn.:.2.i.!J.~?.!J.@.!:~.~-'.:!S:.5J.:.~~X!T!.Y.Jn.'.J.> 
Sent: Thursday, October 14, 202112:26 PM 

To: Hunt, laura <Hunt.Laura@epa.gov> 

Cc: Ford, Christopher B CIV USARMY CESWF (USA) <Q.!.U.~JS?.P.f.!.?.f..:.3.:.f.S?.L9.@.!:~.~-~Y;.5J.:.~H.!T!.Y..,En.'.J.> 
Subject: RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Laura, 
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I am currently awaiting a response from some team members. I will get a reply to you once I get all responses in. I am 

sorry of the delay. 

Abe Pinon, P.E. 
Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 

Cell: (817) 223-7504 

Abr..?..cn.,.P..Lo0n.@.~.!?.9..~~-'-9..f.DJ.Y..,nJ.U 

From: Hunt, Laur a <.t! .. Y . .OJ,J..'.:~.~.!2~.@.~p~_ .. _ggy> 
Sent: Thursday, October 14, 202111:34 AM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher.BSord@usace.arrny.rnil> 

Cc: Pinon, Abram CIV USARMY CESWF (USA) <AbrarnYinon@usace.armyJnil> 

Subject: [Non-DoD Source] RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Importance: High 

Brandon, 

A Community Advisory Board (CAB) meeting for the Alcoa/Lavaca Bay superfund site is scheduled for later this month. It 

is important that EPA have the latest update/status on the Matagorda Ship Channel project. Do you have availability for 

a call next week? Please let me know as soon as possible if you have any responses to my previous email. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

From: Hunt, Laura 

Sent: Tuesday, October 12, 2021 5:16 PM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher.B.Ford@usace.arrny.rnil> 

Cc: Pinon, Abram CIV USARMY CESWF (USA) <Abf.9..CTJ.,.P..\.0.9..0 .. @.~.!?.9..~~-'-9..f.DJ.Y..,.CTJ.U> 
Subject: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Hi Brandon, 

On May 14 you sent a re-cap email stating that there will be future meetings on the project's dredge material 

management plan and sediment testing plan. Do you have a status on those documents because I heard that a contract 
had been awarded for the sediment testing plan. EPA would like the opportunity to review and comment on the 

sediment testing and dredge material management plans. My concern is that the proposed dredge area is adequately 

characterized as there are still potential hotspot areas that exceed sediment RAOs for mercury within the Carp's project 
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acrea. See attached results from recent sediment sampling conducted in the LNG terminal project area by Alcoa that is 

adjacent to the Carp's proposed turning basin area. 

lastly, EPA is still awaiting to hear back on questions from our June 25 letter. Please provide a status update on the 

following: 

• Section 5.3.11 Water Quality and 5.3.12 Sediment Quality (p. 159 EIS): indicates that "Under 
the recommended plan, factors that could affect DO include the increase in both water 
circulation and salinity" and that "There is potential for a change in bay-bottom velocities due to 
a wider and deeper channel and the actions taken as part of the DMMP." The predominant 
remedy in the closed area at the Alcoa (Point Comfort)/Lavaca Bay Superfund Site is monitored 
natural attenuation (MNA). Has the Corps evaluated with modeling or some other analysis 
whether changes in bay-bottom velocity could potentially have any impacts to site MNA? Also, 
has the Corps evaluated possible impacts to MNA from increased shipping activity? 

• Section 4.2.2 Impacted Sediments (p.49 EIS): states that "Based on the analyses, all average 
mercury concentrations were below the RAO of0.25 mg/kgfor critical habitats (marsh-type) and 
therefore. there should be no restrictions on the use of the dredged material." EPA is requesting 
clarification on where the Corps intends to place dredge material removed from the closed area 
and whether there will be confirmatory sampling before disposal occurs. Placement of site 
associated material outside the superfund site may invoke land disposal restrictions. 

Please let me know when you are available to discuss this further. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 
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Message 

From: 

Sent: 
To: 

CC: 
Subject: 

Hi Abe, 

Hunt, Laura [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =656A3346959A49059EEA513638B8F 1 lD-H U NT, LAU RA] 

10/14/2021 7:27:47 PM 

Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 

Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil] 

RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Thank you for the update. Can we have a call on Monday or Tuesday? 

Laura 

From: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.army.mil> 

Sent: Thursday, October 14, 202112:26 PM 
To: Hunt, Laura <Hunt.Laura@epa.gov> 

Cc: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil> 

Subject: RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Laura, 

I am currently awaiting a response from some team members. I will get a reply to you once I get all responses in. I am 

sorry of the delay. 

Abe Pinon, P.E. 
Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 
Cell: (817) 223-7504 
Abram. Pi non (ill usace.annv.rn ii 

From: Hunt, Laura <Hunt.Laura@ep<Lgov> 

Sent: Thursday, October 14, 202111:34 AM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <~b.rL~.t.~?.Phf.!:.,.B.:f.~?.fS.1.@.~.!.~.~~.f:.?. ... ~~.!J.~.!.Y.:.!T!.!.!> 
Cc: Pinon, Abram CIV USARMY CESWF (USA) <Abrarn.Pinon@lusace.army.rnil> 

Subject: [Non-DoD Source] RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Importance: High 

Brandon, 

A Community Advisory Board (CAB) meeting for the Alcoa/Lavaca Bay superfund site is scheduled for later this month. It 
is important that EPA have the latest update/status on the Matagorda Ship Channel project. Do you have availability for 

a call next week? Please let me know as soon as possible if you have any responses to my previous email. Thanks, 

Laura Hunt, PhD 
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Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

From: Hunt, Laura 

Sent: Tuesday, October 12, 2021 5:16 PM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher.B.Ford@usace.arrny.rnil> 

Cc: Pinon, Abram CIV USARMY CESWF (USA) <A.t:f.f..'.:!2.!.:.P..LG.9..G .. @ .. Y5~!.0.f.:.'.i.UD.Y..:2.!LI.> 
Subject: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Hi Brandon, 

On May 14 you sent a re-cap email stating that there will be future meetings on the project's dredge material 

management plan and sediment testing plan. Do you have a status on those documents because I heard that a contract 

had been awarded for the sediment testing plan. EPA would like the opportunity to review and comment on the 

sediment testing and dredge material management plans. My concern is that the proposed dredge area is adequately 

characterized as there are still potential hotspot areas that exceed sediment RAOs for mercury within the Carp's project 

acrea. See attached results from recent sediment sampling conducted in the LNG terminal project area by Alcoa that is 

adjacent to the Carp's proposed turning basin area. 

Lastly, EPA is still awaiting to hear back on questions from our June 25 letter. Please provide a status update on the 

following: 

• Section 5.3.11 Water Quality and 5.3.12 Sediment Quality (p. 159 EIS): indicates that "Under 
the recommended plan, factors that could affect DO include the increase in both water 
circulation and salinity" and that "There is potential for a change in bay-bottom velocities due to 
a wider and deeper channel and the actions taken as part of the DMMP." The predominant 
remedy in the closed area at the Alcoa (Point Comfort)/Lavaca Bay Superfund Site is monitored 
natural attenuation (MNA). Has the Corps evaluated with modeling or some other analysis 
whether changes in bay-bottom velocity could potentially have any impacts to site MNA? Also, 
has the Corps evaluated possible impacts to MNA from increased shipping activity? 

• Section 4.2.2 Impacted Sediments (p.49 EIS): states that "Based on the analyses, all average 
mercury concentrations were below the RAO of0.25 mg/kgfor critical habitats (marsh-type) and 
therefore, there should be no restrictions on the use of the dredged material." EPA is requesting 
clarification on where the Corps intends to place dredge material removed from the closed area 
and whether there will be confirmatory sampling before disposal occurs. Placement of site 
associated material outside the superfund site may invoke land disposal restrictions. 
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Please let me know when you are available to discuss this further. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 
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Message 

From: Hunt, Laura [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =656A3346959A49059EEA513638B8F 1 lD-H U NT, LAU RA] 

Sent: 3/8/2022 4:46:26 PM 

To: Pinsky, Jeffrey F CIV USARMY CESWF (USA) [Jeffrey.F.Pinsky@usace.army.mil];Houston, Robert 

[Houston.Robert@epa.gov] 

Subject: RE: Matagorda Ship Channel Appendix E 
Attachments: MSCIP Final DMMP _R 11-20-06_.pdf 

Thanks for sharing Jeff. I am confused because I thought Appendix E was the full DMMP document as attached. Has the 

full DMMP been updated since 2006? 

Laura 

From: Pinsky, Jeffrey F CIV USARMY CESWF(USA)<Jeffrey.F.Pinsky@usace.army.mil> 

Sent: Friday, March 4, 2022 1:25 PM 
To: Houston, Robert <Houston.Robert@epa.gov> 
Cc: Hunt, Laura <Hunt.Laura@epa.gov> 

Subject: Matagorda Ship Channel Appendix E 

Mr. Houston, 

Good to talk to you today. Appendix E is attached. I'll send the link on Monday. 

Respectfully, 

Jeff Pinsky 
Chief, Environmental Branch 

Regional Planning and Environmental Center 
Mobile: 713-829-5271 
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1.0 INTRODUCTION 

Matagorda Ship Channel Improvement Project 
Dredged Afaterial Management Plan 

Calhoun County Navigation District (CCND) is proposing to improve the Matagorda Ship 
Channel (MSC) from its facilities in upper Lavaca Bay to the terminus in the Gulf of Mexico 
(Figure 1) as well as construct a new turning basin to accommodate the larger vessels, which 
would use the improved channel. The project extends approximately 27 miles from the Port of 
Port Lavaca - Point Comfort turning basin in Lavaca Bay (Channel Station 118+502) through 
the southwest section of Matagorda Bay and offshore into the Gulf of Mexico (Channel Station -
23+000), in Matagorda and Calhoun Counties, Texas. The project can be located on the 
U.S.G.S. quadrangle maps entitled Point Comfort, Port Lavaca East, Keller Bay, Port O'Connor, 
and Decros Point, Tex. Approximate UTM Coordinates at the north end of the existing turning 
basin in NAD 27 (meters): Zone 14; Easting 739500; Northing 3170500. 

Construction of the MSC improvements will yield a substantial volume of soil (new work 
material) as well as sediment (maintenance material) during the operations of the facility. 

This Dredged Material Management Plan (DMMP) provides information regarding material 
characteristics, dredging activities and material placement related to the removal of material 
from the Matagorda Ship Channel Improvement Project (MSCIP). The location of the MSCIP 
may be found in Figure 2. The purpose of this plan is to develop environmentally acceptable 
placement areas for the material, which will be dredged over a fifty year planning horizon of the 
project. Specifically, the DMMP will: 

• Discuss the purpose of dredging; 

• Discuss the MSCIP's proximity to the Lavaca Bay Superfund Site; 

• Describe the geotechnical properties as well as contaminant assessment based on the 
existing data of both the material dredged for the initial construction, i.e., new work 
material, and the material requiring excavation as a result of continued sedimentation, 
i.e., maintenance material; 

• Provide a summary of estimated dredged material volumes both for new work and 
maintenance materials; 

• Identify potential impacts of the various dredging techniques and placement options, 
and the associated mitigation options; 

• Identify beneficial use alternatives; 

• Discuss the process of screening placement alternatives; and 

• Recommend a placement plan that meets the project requirements. 

This plan summarizes and evaluates placement alternatives and provides a recommend plan for 
dredged material placement. Section 2.0 provides specific information about the new work and 
maintenance dredged material. Section 3.0 summarizes the potential dredging techniques and 
the potential impacts of dredging to water quality and benthic habitats in the project area. 
Section 4.0 lists and analyzes dredged material placement alternatives. Section 5.0 discusses 

1-1 
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the recommended plan based on the alternatives and criteria presented in Section 4.0. Section 
6.0 lists the references used to develop this DMMP. Appendix A presents the soil boring 
results for the MSCIP. Appendix B presents a summary of the analytical results from previous 
investigations and ongoing monitoring. 

1.1 PURPOSE OF DREDGING 

The stated purpose of the project is to improve the deep-draft transport of commerce on the 
MSC for its existing and future users by: 

• reducing or eliminating light loading measures; 

• allowing larger cargo vessels to begin calls; and 

• potentially allowing for two-way traffic of smaller vessels during periods of increased 
transits. 

CCND's need for the project is to eliminate operational constraints and to avoid delays, thereby 
reducing shipping costs and avoiding logistical problems, which will allow its users to remain 
competitive in the global market place. 

1.2 DREDGING TEMPLATE 

The proposed MSCIP (Figure 2 to Figure 12) would create a channel with the following 
dimensions: 

Lavaca and Matagorda Bay (Channel Station 118+503 to 3+ 700) 

• 3H:1V channel side slopes, 44-foot depth with 2-foot advanced maintenance 
requirement and 2-foot overdepth dredge tolerance; and 400-foot width. 

Entrance Channel (Channel Station 3+700 to -1+000) 

• 3H:1V channel side slopes, 44-foot depth with 2-foot advanced maintenance 
requirement and 2-foot overdepth dredge tolerance; and 600-foot width 

Offshore, Gulf of Mexico (Channel Station -1+000 to 23+000) 

• 10H:1V channel side slopes; 46-foot depth; 3-foot advanced maintenance requirement; 
and 2-foot overdepth dredge tolerance; and 600-foot width. 

The initial dredging is referred to as "new work" dredging where previously undisturbed material 
is removed from the project area. Following construction, the area will require periodic 
"maintenance" dredging to remove sediments that accumulate above the depth required to 
navigate the area. 

1.3 ENVIRONMENTAL SETTING 

1.3.1 Community Types 

1-2 
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The MSCIP transects Lavaca Bay and Matagorda Bay and terminates in the Gulf of Mexico. 
The bay system is comprised of various smaller bays (e.g., Keller, Cox Bay, Lavaca Bay, and 
Chocolate Bay), associated freshwater waterways (e.g., Lavaca River and Colorado River), 
adjacent marshes and wetlands, the lntracoastal Waterway and other shipping channels, and 
immediately adjacent upland features that include parts of Matagorda Island and Matagorda 
Peninsula. Major aquatic and coastal habitats types that occur within the MSCIP and proposed 
dredged material placement areas discussed in this plan include: open water (bay and 
offshore), oyster reef, and coastal marsh. 

The following sections provide a brief description of these communities within the project area. 

1.3.1. 1 Open Water 

The bay, open water habitat type includes both the estuarine water column and non-vegetated, 
soft-bottomed areas. The open water environment comprises the largest of the subtidal 
estuarine habitats in the Matagorda Bay system. Within the MSCIP, these habitats generally 
range from about 4 to 40 feet deep with sediments of mostly silt and clay. 

Open water habitats within the project area support an abundance of vertebrate and 
invertebrate species. Benthic invertebrates play an important role in the estuarine food web, 
serving as decomposers, consumers and as prey for larger animals. Matagorda Bay, Lavaca 
Bay and Cox Bay also host numerous fish species; the most abundant are Atlantic croaker, 
black drum, gafftopsail catfish, red drum, sand seatrout, sheepshead, southern flounder, and 
spotted seatrout, bay anchovy, and spot. Invertebrate species such as blue crab, eastern 
oyster, and shrimp also occur in the area. 

1.3.1.2 Oyster Reefs 

Oyster reefs are natural accumulations of oyster shell and living oysters that result from the 
successive growth of generations of oysters in the same place. Reefs along the Gulf of Mexico 
coast are comprised primarily of the eastern oyster (Crassostrea virginica). Whether they 
consist of live oysters or dead shell material, oyster reefs constitute an important estuarine 
habitat. In addition to sustaining oyster populations, oyster reefs often support diverse and 
complex biological communities. Oyster shells provide a substrate for a variety of sessile 
organisms, e.g., barnacles and mussels. These areas also support various grazing and 
scraping organisms (e.g., gastropods) that feed on the algal film that often form the oyster 
shells. When compared to open bay bottom habitats, and submerged aquatic vegetation 
habitat, the relatively complex physical structure of a reef provides cover and food for numerous 
other estuarine species. 

1.3.1.3 Coastal Marsh 

Coastal marshes are characterized by emergent vegetation and regular tidal flooding. These 
habitats provide a variety of important functions such as nutrient cycling, flood control, and 
sediment stabilization. Coastal marsh also provides important fish and wildlife habitat. 
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1.4 ALCOA (POINT COMFORT)/LAVACA BAY SUPERFUND SITE 

The following discussion of Alcoa (Point Comfort)/Lavaca Bay Superfund Site background, 
Record of Decision (ROD) and the Adaptive Sediment Management Framework was developed 
in conjunction with Alcoa. 

1.4.1 Background 

The MSCIP crosses the Alcoa (Point Comfort)/Lavaca Bay Superfund Site (Alcoa Superfund 
Site), which is significant to the project because of the potential for encountering mercury
impacted sediments during dredging activities and because it presents opportunities for 
beneficial use of dredged material. The following is a brief history of the Alcoa Superfund Site. 

The Alcoa Point Comfort Operations facility (Alcoa) began operations in 1948 as an aluminum 
smelter and operated until 1980. Alumina refining operations began in 1959 and continue to 
operate today. 

From 1966 to 1970, the Alcoa facility discharged mercury-containing wastewater into Lavaca 
Bay from its chlor-alkali processing operations. Alcoa terminated the direct discharge of this 
wastewater into the bay in 1970 after the Texas Water Quality Board notified Alcoa of potential 
adverse environmental impacts associated with mercury. In April of 1988, the Texas 
Department of Health (TOH) issued a closure order prohibiting the taking of finfish and crabs for 
consumption from a specific area of Lavaca Bay due to elevated mercury concentrations found 
in these species. The site was placed on the Comprehensive Environmental Response, 
Compensation, and Liability Act's (CERCLA) National Priority List (NPL) in 1994. The listing 
was primarily based on levels of mercury found in several species of finfish and crab in Lavaca 
Bay, the fisheries closure imposed by the TOH in 1988, and levels of mercury detected in bay 
sediments adjacent to the Alcoa facility. The Administrative Order on Consent (AOC), which 
was issued March 31, 1994 under the authority of the CERCLA required that a Remedial 
Investigation (RI), Baseline Risk Assessment (BLRA), and Feasibility Study (FS) be performed 
at the site. Additional regulatory background information can be found in the Preliminary Site 
Characterization Report, Alcoa (Point Comfort)/Lavaca Bay Superfund Site, (Alcoa, 1995). 

1.4.2 Record of Decision 

A ROD (Alcoa, 2001 b) was signed on December 20, 2001 and proposed a remedy for the Site. 
The risk assessment indicated that only certain parts of Lavaca Bay and the Dredge Island 
required remediation. Remediation of the Site, as described in the ROD, consisted of actions 
that were initiated prior to the ROD (some of which were completed prior to the ROD and some 
of which are ongoing), and several proposed actions. The following remedial actions have been 
or will be completed at the Site pursuant to the ROD: 

• Stabilization of the Dredge Island (completed as a non-time critical removal action prior 
to the ROD); 

• Removal of Chlor-Alkali Process Area (CAPA) sediments via dredging (completed as a 
treatability study prior to the ROD); 

• Extraction and treatment of groundwater at the CAPA (initiated as a treatability study 
prior to the ROD and continuing as an ongoing action under the Consent Decree); 
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• Dredging of the Witco Channel (completed as part of the routine planned maintenance 
prior to the ROD); 

• Natural recovery of sediments (ongoing activity); 

• Institutional controls to manage exposure to finfish/shellfish (ongoing activity); 

• Dredging of the Witco Marsh; 

• Enhanced natural recovery of the area north of Dredge Island; 

• Monitoring of sediments, fish/shellfish, and surface water (ongoing activity). 

A CERCLA Consent Decree/Statement of Work (CD/SOW) between Alcoa (Alcoa Inc. and 
Alcoa World Alumina Atlantic, l.l.C) and the United States of America and the State of Texas, 
was entered in the United States District Court, Southern District on the effective date of March 
1, 2005. Alcoa submitted a Remedial Action Work Plan in August 2005 that proposed a 
schedule for completing the remaining remedial actions in Lavaca Bay. 

The remedial action that is important to this DMMP is the natural recovery of sediments. 
Natural recovery of sediments throughout the Closed Area, in concert with the other elements of 
the remedy, is projected to allow fish tissue and shellfish mercury concentrations to recover to 
levels below the remedial action objective (RAO). 

1.4.3 Adaptive Sediment Management Framework for Lavaca Bay Superfund Site 

The following framework is adapted from a version contained in the Feasibility Study for the 
Superfund site (Alcoa, 2001 a) and is consistent with the target cleanup goals stated in the ROD 
(Alcoa, 2001 b). Based on extensive sampling done as part of the remedial investigation, a 
comprehensive understanding of the mercury distribution throughout the bay was developed. In 
general, the bay contained elevated mercury concentrations limited to the upper two feet of 
sediments; and the peak concentrations occurred at or about eight to 16 inches below the 
existing sediment surface. The burial of sediments with peak mercury concentrations is 
consistent with naturally high sedimentation rates in the bay depositing clean sediment on top of 
the contaminated sediments, which were the result of historical releases that occurred in about 
the 1960's time frame. 

The selected remedy focuses on control, removal, and isolation of identified current and 
potential future sources of mercury input within the bay. Because most surficial sediment 
mercury concentrations were already below conservative ecological and human health risk 
levels developed specifically for the site, the remedial strategy for the majority of the bay was to 
rely on natural recovery to continue burying the sediments with elevated mercury levels. 

The selection of a natural recovery strategy for most of the impacted area of the bay required 
that Alcoa develop and maintain a management and monitoring plan to ensure that sediment 
and fish tissue within the bay continue the trend of natural recovery. Additionally, Alcoa and 
EPA recognized that other development activities would be occurring in Lavaca Bay, and in 
anticipation of future activities developed an adaptive sediment management framework (the 
"framework) for the bay (Alcoa, 2001 a). Example activities include maintenance dredging, new 
channel dredging, pipeline or cable-line crossings, and bridge repair/construction. 
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The primary purpose of the framework is to facilitate development of project-specific plans for 
handling of mercury-contaminated sediments that potentially could be re-exposed as part of the 
development activity within the bay. While these future actions will be subject to project-specific 
permitting approvals, the framework was developed to help establish guidelines for how 
sediment management activities associated with those projects can occur in a manner that is 
supportive of, and possibly accelerates, the natural recovery component of the Superfund 
remedy. The goal of the plan is to provide a general approach for characterization of sediments 
proposed for excavation and a decision-making process for selecting responsible disposal 
alternatives consistent with the ROD. 

A conceptual overview of an adaptive sediment management framework for Lavaca Bay is 
provided on Exhibit 1. Any activities that occur in the bay in areas where sediments with 
elevated concentrations of mercury may be encountered should be managed using the 
decision-making process outlined in the Exhibit 1. The end result of the decision-making 
process would be a designation for confined disposal or beneficial reuse of the targeted 
sediments. 

The first step of the framework is designed to ensure there is adequate information to 
characterize the sediments targeted for the action. Significant data exists from the Lavaca Bay 
remedial investigation to document overall spatial and vertical distribution of mercury 
concentrations in sediments in the Bay, especially in those areas where concentrations are 
elevated. Using this data as a guide, sediment proposed for excavation should be 
characterized prior to construction by collecting and analyzing core samples throughout the 
proposed construction prism. To allow all possible management alternatives to be considered, 
sampling, and analysis activities should be designed to provide the appropriate resolution of 
mercury concentration data for each location where a sample is collected. This can be 
accomplished by sub-sampling each core sample at discrete intervals. Alcoa recommends 
using a compositing scheme that results in discrete two-foot intervals though the first four to six 
feet of the target prism. Information from these discrete intervals can then be evaluated for 
various sediment management actions. 

The practical depths to which excavation will occur during dredging operations will serve as the 
primary guide for how to interpret the vertical distribution of sediment concentrations and 
disposition of the dredged material. This interpretation will consider to what extent dredged 
material will be homogenized throughout a vertical increment to determine what concentration 
would be representative of the material when it is placed at a given disposal location. Hydraulic 
maintenance dredging, for example, typically excavates sediments in lifts as great as four feet, 
and that interval would be an appropriate increment over which to composite or average 
concentrations to determine what type of disposal is suitable. A supplemental factor to consider 
in interpreting the vertical distribution of sediment concentrations is to determine if a thin veneer 
of highly concentrated sediments can be identified, and evaluate whether or not there is merit in 
handling that veneer differently (and if it is technically feasible) such that the mass of mercury 
represented by that veneer is isolated and removed from the system. Since Alcoa has 
obligations identified in the Superfund Consent Decree to ultimately meet fish tissue 
concentrations that relate back to exposure to bay sediments, it is within their discretion to 
evaluate sediment management options that may include removal and isolated disposal of such 
sediments, even if a compositing scheme which follows the planned development activity's 
dredging approach would suggest that open water disposal of the sediments is acceptable. 
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Once sufficient characterization information exists, and the mechanism by which to interpret that 
information has been determined, the framework provides for a threshold decision-making 
process whereby differing management actions are allowed depending on whether certain 
sediment concentration thresholds are met. Sediment concentrations that adequately 
characterize the targeted dredge prism or development action are determined. Again, the basis 
for determining a concentration value that is represented of the prism should take into account 
how material will be dredged and disposed of for that particular situation. Once the prism is 
characterized, its representative concentration(s) should be compared against two threshold 
values: 0.25 and 0.50 mg/Kg mercury (dry weight in bulk sediment), and decisions made 
consistent with the outcomes depicted in Exhibit 1. A lower threshold value, 0.25 mg/Kg 
mercury, represents the remedial action objective for marshes, and is the threshold below which 
sediments can be used in any type of beneficial reuse scenario, including creation of aquatic 
habitats such as mudflat or marsh habitat. The higher threshold, 0.50 mg/Kg mercury, 
represents an upper end that is associated with limited use of dredged sediments. Between 
0.25 and 0.50-mg/Kg mercury, sediments can potentially be applied to beneficial reuse; 
however, that reuse should not result in the sediments being directly linked to critical habitat 
types where the food chain uptake of mercury can potentially be exacerbated such as marsh 
habitats. Rather, they should be limited to applications such as the bottom layer of a reuse 
disposal area where they will be covered with cleaner sediments as the disposal area is 
completed or deposited in open water areas where mercury uptake is much less prevalent and 
the remedial action objective is 0.50 mg/Kg. Above the 0.50 mg/Kg concentration upper 
threshold, disposal options would be limited to a confined scenario, either in-water or upland. 
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The deepening and widening of the MSC for the proposed MSCIP will generate approximately 
46.5 million cubic yards (mcy) of new work material and 257.5 mcy of maintenance material 
over the 50-year life of the project. The volume of new work dredged material from the MSCIP 
site, and the future maintenance dredging volumes, were determined based on the configuration 
of the MSCIP site as shown on Figure 2 to Figure 12. 

2.1.1 Initial Dredging (New Work) 

The total volume of material within the MSCIP site was estimated using geometric analysis 
based on average elevations from existing topographic surveys and field data. The volume 
calculations were estimated using the average end area method. The calculation method does 
not account for potential variations within each project feature or changes since the topographic 
surveys were performed. The volume calculations are based on the following channel 
dimensions: 

Lavaca and Matagorda Bay (Channel Station 118+503 to 3+ 700) 

• 3H:1V channel side slopes, 44-foot depth with 2-foot advanced maintenance 
requirement and 2-foot overdepth dredge tolerance; and 400-foot width. 

Entrance Channel (Channel Station 3+700 to -1+000) 

• 3H:1V channel side slopes, 44-foot depth with 2-foot advanced maintenance 
requirement and 2-foot overdepth dredge tolerance; and 600-foot width 

Offshore, Gulf of Mexico (Channel Station -1+000 to 23+000) 

• 10H:1V channel side slopes; 46-foot depth; 3-foot advanced maintenance requirement; 
and 2-foot overdepth dredge tolerance; and 600-foot width. 

The volume calculations include both the overdepth and maintenance requirement volumes. 
Table 2-1 provides the volumes of the new work dredge material: 
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Table 2-1. New Work Volumes 

Station to Station Volume (CY) 
Marine Slip 700,000 

Proposed Turning Basin 3,500,000 
118+502 107+000 4,449,000 
107+000 92+000 6,804,000 
92+000 88+000 1,443,000 
88+000 82+000 2, 195,000 
82+000 76+000 2, 170,000 
76+000 71+000 1,699,000 
71+000 67+000 1,505,000 
67+000 54+000 4,558,000 
54+000 46+000 2,664,000 
46+000 40+000 2,271,000 
40+000 6+000 9,366,000 
6+000 -5+000 0 
-5+000 -23+000 3,206,000 

Total 46,530,000 

2.1.2 Maintenance Dredging 

The estimated annual maintenance dredging volume is based on a sedimentation analysis 
performed for the project (Moffatt & Nichol, 2006) that is based on historic dredging records, 
total suspended sediment concentrations, as well as the hydrodynamics of the proposed 
channel. The maintenance volumes for the 50-year planning horizon are as follows: 

• Lavaca and Matagorda Bay (Channel Station 118+503 to 0+000): 243,900,000 CY 

• Offshore, Gulf of Mexico (Channel Station 0+000 to -23+000): 13,600,000 CY 

2.2 QUALITY OF DREDGED MATERIAL 

The subsurface soil conditions of the MSCIP site may dictate the type of dredge that may be 
utilized to perform the excavation. The physical characteristics of the soil also may affect the 
placement options for the material because of their varying strength and compressibility. Also, 
contaminant levels within the soil/sediment may limit the placement options. The following 
sections discuss the new work and maintenance material qualities and quantities. 

2.2.1 Initial Dredging {New Work) Material 

2.2. 1. 1 Physical 

The subsurface soils in the turning basin and channel consist of soft clays, very stiff to hard 
clays and sand. The dredge prism soil classification in Table 2-2 is based on available boring 
logs from the U.S. Army Corps of Engineers (USAGE) - Galveston District's General Design 
Memorandum No. 3, finalized in January 1962 (USAGE Design Memorandum No. 3). 

2-2 

ED_013073_00000045-00018 



Matagorda Ship Channel Improvement Project 
Dredged Afaterial Management Plan 

Table 2-2. New Work Soil Classification 

Station to Station Sand (CY) Stiff to Hard Soft Clay or 
Clay (CY) Silt (CY) 

Proposed Turning Basin and Marine Slip 0 2,940,000 1,260,000 
118+502 107+000 0 3,523,000 926,000 
107+000 92+000 1, 164,000 324,000 5,316,000 
92+000 88+000 297,000 671,000 475,000 
88+000 82+000 1, 113,000 251,000 831,000 
82+000 76+000 471,000 0 1,699,000 
76+000 71+000 0 0 1,699,000 
71+000 67+000 687,000 454,000 364,000 
67+000 54+000 1,434,000 320,000 2,804,000 
54+000 46+000 1,779,000 0 885,000 
46+000 40+000 780,000 1,338,000 153,000 
40+000 6+000 5,933,526 207,000 3,226,000 

6+00 -5+000 0 0 0 
-5+000 -23+000 3,206,000 0 0 

Total 16,864,526 10,028,000 19,638,000 

Information on these borings may be found in USACE Design Memorandum No. 3. {Appendix 
A). 

2.2.1.2 Contaminant Assessment 

Extensive sediment sampling was conducted as part of the Remedial Investigation (RI) to 
characterize and delineate the extent of contamination within the Alcoa/Lavaca Bay Superfund 
site area. The RI was conducted in two major phases, Phase 2A and Phase 2B (Alcoa, 1999). 
The first phase, Phase 2A, was conducted to develop a list of constituents of potential concern 
(COPCs) at the site. Phase 2A of the RI consisted of collection of 111 sediment samples in the 
area nearest to the Alcoa facility and analysis of those samples for a range of constituents 
including metals/metalloids, volatile organic constituents, semivolatile organic constituents, 
polychlorinated biphenyls (PCBs), and polycyclic aromatic hydrocarbons (PAHs) (Alcoa, 1999). 
As a follow-up to the Phase 2A investigation, Alcoa (1997b) conducted the Phase 2B study to 
further delineate COPCs identified in the Phase 2A study areas and to initially characterize 
sediment quality in areas that had not been previously sampled. A total of 367 sampling 
stations were installed in Lavaca Bay, Keller Bay, upper Matagorda Bay, Cox Marsh, and Cox 
Lake. 

The vertical profile of mercury in the sediments was studied and reported in Phase 2C of the RI, 
the Mercury Reconnaissance Study (Alcoa, 1996). This phase of the investigation focused on 
the basic fate and transport mechanisms related to methyl mercury. In this study, 15 sampling 
stations were selected in the vicinity of the Dredge Island, which is known to be the most heavily 
impacted area with respect to mercury releases to sediment. 

Phase 3 of the RI process at Alcoa consisted of a sediment quality triad investigation (Alcoa, 
1997a) conducted in an area of Lavaca Bay known to have concentrations of mercury in 
sediment that ranged from 0.3 mg/kg to 4.6 mg/kg. The sediment quality triad evaluation 
included the determination of sediment chemistry, sediment physical parameters, survival and 
growth of a juvenile polychaete, survival of an adult infaunal amphipod, and benthic community 
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structure. Ten sampling stations in a north-south trending transect in Lavaca Bay (southwest of 
Dredge Island) and three reference stations were selected. 

In November 2005, a sediment study was performed by Alcoa to obtain more recent and 
updated mercury data in Lavaca Bay (see Appendix B). As part of this study, 38 samples were 
collected from 23 sampling stations up to a depth of approximately 4.5 ft within the proposed 
turning basin and proposed channel improvements in Lavaca Bay. 

The following statements summarize the results of the extensive surficial sediment assessments 
that were performed as part of the remedial investigation of the Alcoa (Point Comfort)/Lavaca 
Bay Superfund site: 

• The PSCR identified mercury detected above the minimum concentration of ecological 
concern and probable level of ecological concern in Lavaca Bay and Upper Matagorda 
Bay, and within the MSC adjacent to the Alcoa facility. 

• The results of the Phase 2A investigation identified mercury and PAH as the primary 
COPCs at the site. 

• Phase 2B of the RI, a follow-up investigation to Phase 2A, did not identify any new 
COPCs and concluded that PAHs were only a concern in the area closed to fishing (i.e., 
the area in proximity to Dredge Island), although the maximum concentration did not 
exceed the probable level of ecological concern (0.7 mg/kg), and mercury is the only 
COPC in Lavaca Bay (and presumably, Keller Bay and upper Matagorda Bay) outside 
the closed area. 

• Phase 2C (Mercury Reconnaissance Study) determined that maximum mercury 
concentrations typically occurred in the top 30 cm of sediment. 

• The Sediment Quality Triad Investigation (Phase 3) of the RI demonstrated that the 
concentration of mercury in sediment in the reference area (outside the vicinity of the 
Alcoa facility) was less than 0.2 mg/kg and presented evidence that total mercury in 
sediment ranging up to 4.6 mg/kg were not associated with any adverse effects in the 
benthic community in Lavaca Bay. 

• The concentrations of total mercury in sediment samples collected during the 
November 2005 sampling event ranged from 0.0024 mg/kg to a maximum 
concentration of 0.543 mg/kg (Appendix B). The total mercury concentrations in the 
sediment samples collected did not exceed the RAO of 0.5 mg/kg, with the exception of 
two sediment samples that were collected at the entrance of the proposed turning 
basin. The total mercury concentrations in these two samples were 0.543 mg/kg at a 
depth interval of 0-1.8 ft and 0.502 mg/kg at a depth interval of 0-2.7 ft. 

2.2.2 Maintenance Dredging Material 

2.2.2. 1 Physical 

Maintenance dredging for the existing ship channel and existing turning basin has occurred 
biannually with the offshore, entrance channel being maintained approximately every four years. 
Sampling of this dredged material within the existing ship channel provides analytical and grain 
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size data for the maintenance dredged material. The maintenance material is characterized as 
fine-grained, with both soft and sandy clays with the offshore material also containing fine
grained sand. 

2.2.2.2 Contaminant Assessment 

A considerable database of sediment quality information is available for maintenance material 
that was periodically removed from the existing MSC by the COE. Typically, the testing 
performed included toxicity testing and bioaccumulation studies. A reference location was 
selected and sediment collected from the reference location was subjected to the same testing 
protocol. In a 1994/1995 evaluation of sediment quality, dredged material to be removed from 
the entrance of the MSC on the Gulf of Mexico side of the Matagorda Peninsula (Espey, Huston 
& Associates, 1996) was tested using solid-phase bioassays and a bioaccumulation study 
conducted in conformity with the EPA's/COE's Testing Manual in effect at that time (EPA/COE, 
1991 ). Three sampling stations were selected within the area to be dredged as well as a 
sampling station within a reference area. Survival of test organisms and bioaccumulation of 
metals in test organisms in contact with sediment subject to dredging relative to survival and 
bioaccumulation of organisms in contact with sediment collected from the reference area were 
the testing endpoints. No chemical analyses of sediment were conducted, although tissue 
samples obtained from organisms used in the bioaccumulation study were analyzed for a 
variety of constituents, including pesticides, PCBs, PAHs, phenols, and metals. Metals, to 
include arsenic, barium, cadmium, chromium, copper, lead, nickel, and zinc, were identified in 
tissue samples collected as part of the bioaccumulation study, but there was no statistically 
significant difference in the tissue metals content of test organisms exposed to sediment 
collected from the area subject to dredging and the reference area. The result of the toxicity 
analysis was that no toxic impacts on benthos would be expected if dredged material were 
disposed in the Gulf of Mexico. Therefore, it was the conclusion of the authors of the report that 
reasonable assurance was given by the results of the two types of tests that no significant 
undesirable effects would result from placement of the sediment in the Gulf of Mexico. 

Two additional but earlier evaluations (Espey, Huston & Associates, 1980, 1985) of sediment 
quality in the entrance to the MSC were conducted in 1980 and 1985. Metals, PCBs, and 
pesticides were analyzed in sediment samples collected from three sampling stations within the 
entrance to the MSC. In addition, toxicity and bioaccumulation testing was performed. The 
result of the testing in both studies was the same; sediment quality of material subject to 
dredging was considered acceptable for placement in the Gulf of Mexico. 

Sediment within a section of the existing MSC from Indian Point to Point Comfort was evaluated 
for suitability of placement in other areas (Espey, Huston & Associates, 1983a). A total of three 
sampling stations were placed in the portion of the MSC scheduled for dredging. A reference 
area was selected approximately 100 feet from the side of the channel to be dredged. 
Sediment samples were analyzed for metals, pesticides, and PCBs. Biological testing of 
sediment included toxicity testing and bioaccumulation studies. The conclusion of the 1983 
study was that no sediment quality problem existed and that no significant undesirable effects 
would result if the dredged material were redistributed in other areas. 

In a 1988 study of sediment quality within the existing MSC between Matagorda Peninsula and 
Point Comfort (Espey, Huston & Associates, 1988), six sampling stations were established 
within the existing portion of the channel that was subject to dredging. A reference area also 
was sampled at four different locations. Toxicity and bioaccumulation testing was performed. 
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Sediment samples were not analyzed for chemical constituents, but benthic tissue samples 
were analyzed for metals, PAHs, pesticides, and PCBs. The conclusion drawn from the results 
of the study was that sediment dredged from this area could be redistributed without restriction. 

A study conducted in 1983 pertaining to sediment quality in the MSC between Matagorda 
Peninsula and Indian Point (Espey, Huston & Associates, 1983b) also resulted in the conclusion 
that sediment dredged from this area could be dredged and redistributed without restriction. 
This study included analysis of sediment samples for metals content and testing sediment for 
toxicity and bioaccumulation potential. A total of four stations were established in the area 
subject to dredging. Reference sediment was collected from three locations approximately 100 
feet outside of the boundary of the existing channel and parallel to the four channel sampling 
stations. 

Testing of maintenance material from a proposed extension of the Point Comfort Turning Basin 
was performed in 1999-2000 (PBS&J, 2001 a). Toxicity and bioaccumulation testing was 
performed on both sediment and suspended particulates in 23 samples collected from the 
existing turning basin. Toxicity and bioaccumulation testing was performed in conformity with 
the protocols contained in the EPA's/COE's Inland Testing Manual (EPA/COE, 1998). Surface 
sediment samples were collected. Analytes for the sediment medium included metals, total 
petroleum hydrocarbons (TPH), and PAHs. A reference area was selected from the lower end 
of Lavaca Bay, and the same types of samples were collected from three locations within the 
reference area. The results of the study were that metals, TPH, and PAHs were detected but, 
according to the authors of the report, test sediment constituent concentrations were not 
noticeably different from constituent concentrations in the reference area. Toxicity 
characteristics of both solid phase and suspended sediments collected from the turning basin 
were comparable to that in the reference area. The conclusion reached from the toxicity testing 
of both suspended phase and solid phase sediment was that there would be no unacceptable 
impacts on benthic organisms from placement of dredged material elsewhere in the aquatic 
environment. There were several metals, notably chromium, copper, selenium, and zinc that 
bioaccumulated to a statistically significantly greater degree than the same metals present in 
sediment in the reference area. However, there were no available Food and Drug Administration 
(FDA) Action Levels for the metals that bioaccumulated to a significant degree, and the 
conclusion drawn from the results of the bioaccumulation study was that the COE and the EPA 
must make a case-specific decision whether dredged material from the Point Comfort Turning 
Basin would be suitable for open water placement or, alternatively, for upland confined 
placement. Note that the results of elutriate testing of this material indicated that the material 
would not cause water quality degradation if upland placement were used. 

In a separate evaluation, the COE (2002) published an environmental assessment focused to 
Federal assumption of maintenance of an additional portion of the Point Comfort Turning Basin 
originally constructed by the Calhoun County Navigation District. Sediment quality was 
evaluated by analysis of samples for organic and inorganic constituents and by toxicity and 
bioaccumulation testing. While metals reportedly were detected in all samples collected and 
organic constituents were detected in a few samples, the results of the toxicity testing indicated 
that dredging and discharge of material would not be acutely toxic to benthic organisms and that 
the level of bioaccumulation of constituents in benthic organisms was not significant. The 
conclusion of the environmental assessment was that the risk associated with encountering 
sediments containing excessive concentrations of hazardous materials was remote. When 
sediment quality was considered with other factors associated with dredging, such as water 
quality, impacts to wildlife and fisheries, threatened and endangered species, social resources, 
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and historic resources, the COE concluded that an environmental impact statement was not 
required to support the assumption of maintenance of portions of the turning basin. The result 
of the evaluation was a finding of no significant impact (FONSI). 

An evaluation of maintenance material to be taken from the MSC from the Point Comfort 
Turning Basin and adjacent segments of the Federally maintained MSC was conducted in 2000 
(PBS&J, 2001 b). A total of 28 surface sediment samples were analyzed for metals, pesticides, 
PCBs, PAHs, and TPH. Both solid-phase and suspended sediments were tested for toxicity 
and bioaccumulation potential in conformity with the protocols contained in the EPA's/ACE's 
Inland Testing Manual (EPA/ACE, 1998). A reference area was selected from the lower end of 
Lavaca Bay, and the same types of samples were collected from the reference area. The 
results of the analyses were that metals and TPH were detected in sediment but, according to 
the authors of the report, test sediment concentrations were not noticeably different from 
reference area sediment concentrations. Survival of test organisms in the toxicity test was not 
different from that noted in the reference control samples, and there was no bioaccumulation of 
any detected constituent. Therefore, the conclusion of the study was that there was reasonable 
assurance that no significant undesirable effects would occur upon open bay placement of the 
sediments tested. 

Another analysis of sediment quality was performed prior to maintenance activities to take place 
in the entrance channel to the MSC (PBS&J, 2001 c). Sediment samples collected from nine 
locations within the area scheduled for dredging and three within a reference area. These were 
composited into three samples from the area subject to dredging and one sample from the 
reference area and analyzed for metals, pesticides and PCBs, and PAHs. The composite 
samples from the area subject to dredging and the reference area were tested for toxicity and 
bioaccumulation potential in benthic invertebrates. The result of the analysis was that detected 
metals in sediment subject to dredging were not noticeably different from the metals content of 
sediment collected from the reference area. Only four PAHs were detected in sediment, and it 
was the conclusion of the authors that because all PAH concentrations were near the detection 
limit and that there was no toxicity or bioaccumulation concerns identified from the biological 
testing, the presence of PAHs in sediment was not a cause for concern. A lack of toxicity and 
bioaccumulation potential and a lack of noticeably different constituent concentrations in the 
area subject to dredging and the reference area led the authors to conclude that dredging and 
placement of material would not cause unacceptable impacts to the water column or to benthic 
organisms. 
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3.0 DREDGED MATERIAL PLACEMENT ALTERNATIVES 

The MSCIP will require placement of new work and maintenance dredged material. The mix of 
placement areas would primarily distinguish the placement alternative, along with the types of 
dredging equipment capable of constructing the improvements. Thus, a range of dredged 
material placement alternatives was considered, including confined upland placement, 
beneficial use, unconfined in-water, and ocean placement. 

In evaluating the alternatives for material placement, three feasible categories of placement 
plans were initially screened: 

• Upland Confined Placement 

• Gulf Unconfined Placement 

• Multi-use Placement 

Upland Confined Placement and Gulf Unconfined Placement plans focus on a single type of 
placement of the dredged material and do not allow for the beneficial use of dredged materials. 
Multi-use Placement plans, as the name implies, includes a variety of placement types. 

In the interest of meeting the project purpose and need while minimizing and mitigating for 
environmental impacts, CCND and USACE met with representatives of several State and 
Federal resource agencies to develop the Dredged Material Management Plan (DMMP). A 
preliminary DMMP Plan was presented to the Agency Work Group (Work Group) on February 9, 
2006, with subsequent revisions. Work Group participants included representatives from the 
following State and Federal agencies: 

• Texas Commission on Environmental Quality (TCEQ); 

• Texas General land Office (GLO); 

• Texas Parks and Wildlife Department (TPWD); 

• National Marine Fisheries Service (NMFS); and 

• U.S. Fish and Wildlife Service (FWS). 

Five additional meetings were held with the agencies. Also, a Community Workshop in Port 
Lavaca, Texas on July 21, 2006 was held to solicit ideas on the placement of dredged material. 
Input from both the agencies and the community help form the DMMP, specifically the Multi-use 
Placement Plans. 

A preferred Placement Plan was selected based on costs and ecological benefits. A plan for 
placement of new work and 50 years of maintenance material is described for the preferred 
alternative. 
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There are several potential and existing onshore upland confined sites that might be available 
for use throughout the bay system, in both the Lavaca Bay and Matagorda Bay areas. In this 
alternative all of the material from Station 118+502 in Lavaca Bay to Station -23+000 in the Gulf 
of Mexico would be placed in upland confined sites. 

There are two existing dredged material placement areas in the Lavaca Bay area. Dredge 
Island is currently used by Alcoa and Calhoun County Navigation District (CCND) for placement 
of maintenance materials. A dredged material placement area designated as PA 19 is located on 
the Calhoun County Navigation District property in Lavaca Bay. These placement areas lack the 
capacity to hold the entire anticipated volume of materials. Several potential upland placement 
areas have been identified including: Alamo/Magnolia Beach area (P1 ), Rhodes Point (P2), 
Powderhorn Lake vicinity (P3), the south and north sides of the Matagorda Peninsula (either 
side of the MSC; P4 and PS respectively) and Smith Point (P6) (See Exhibit 2). 

All of these potential sites would require land acquisition, estimated at approximately $3,000 per 
acre and none of the potential placement areas would be capable of receiving all the dredged 
material (new work and maintenance) alone, therefore multiple areas would be required to be 
purchased and constructed and any potential mitigation impacts would need to be addressed. 
Approximately 3,888 acres of placement areas would need to be identified from the potential 
options listed above to manage the material generated by both new work dredging and 
subsequent maintenance operations. Materials from the Lavaca Bay, Matagorda Bay, and 
Offshore Reach of the MSC would need to be pumped from a distance of up to 9 miles in order 
to avoid placement of the material on high quality wetlands, marshes, oysters and/or seagrass 
habitat that would require extensive mitigation. 

3.1.2 Gulf Unconfined Placement Plan Alternative 

The Gulf Unconfined Placement Plan would entail the placement of dredged materials in an 
offshore dredged material disposal site (ODMDS) for the Lavaca Bay, Matagorda Bay, and 
Offshore Reaches of the MSC. The materials would be transported by either a hopper dredge or 
dump scowl to the ODMDS(s). 

An EPA approved ODMDS (PA 1) is located approximately two miles offshore and 1,000 feet 
south of the MSC jetties. A potential ODMDS (05) has been considered adjacent to PA 1 
approximately three miles offshore and 1,000 feet south of the MSC centerline. PA 1 and 05 are 
dispersive sites, so they have an unlimited capacity. In this alternative, all of the new work and 
maintenance material from the Lavaca Bay, Matagorda Bay, and Offshore Reaches of the MSC 
was evaluated for placement offshore. 

3.1.3 Multi-use Placement Plan Alternative 

Preliminary results indicate that the Upland Confined and Gulf Unconfined Placement Plans 
would cost considerably more than the Multi-use Placement Plan, even if the cost of land was 
free. Therefore, several Multi-use Placement Plans were evaluated to determine the optimized 
plan that provides the most environmental benefits at the least cost. Multi-use Placement Plans 
include a mixture of upland, offshore and in-bay placement areas. In these plans, placement 
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areas are located close to the channel to minimize pump distance and thereby minimize costs 
for placement of both new work and maintenance dredged material. The plans also propose the 
utilization of dredged material to create habitat for mitigation of dredging and placement area 
impacts and/or beneficial use, where feasible. 

No placement option other than confined placement was considered for maintenance material in 
the Lavaca Bay Reach due to ecological concerns (oyster reefs) and a potential increase in 
shoaling in the channel. 

Continued open bay placement of maintenance material in the Matagorda Bay Reach is 
considered viable option for the project because of the following factors: 

• No special aquatic resource such as oyster reef or seagrass is located in close 
proximity to the placement areas 

• Analysis of the Matagorda Bay sedimentation process indicates that use of these areas 
will not increase the amount of maintenance dredging required (URS, 2006b) 

This option as well as confined placement areas are explored for the alternative analysis. 

3.1.3. 1 Lavaca Bay 

A majority of the material to be removed during new work widening and deepening of the 
channel in the Lavaca Bay Reach will consist of stiff to hard clay (7.7 mcy). Because of the 
quality of the material, several in-bay confined placement areas, as well as sites that use 
material beneficially were considered. Types of beneficial use sites include marshes, oyster 
reefs, beaches, and covers for mercury-impacted sediments. Under any of these plans all 
unconfined placement in Lavaca Bay would not be used. 

3.1.3.2 Matagorda Bay 

The Matagorda Bay Reach of the MSCIP has a limited amount of stiff and hard clay (2.3 mcy) 
for use in levees to confine softer new work and maintenance material. As a result, the amount 
of marsh, platforms for seagrass colonization, or in-bay confined placement areas that can be 
built from dredged material is limited. Stiff or hard clay would need to be mined from either 
within the channel, or within the footprint of the proposed placement areas to fully confine all 
material in Matagorda Bay. Mining material would result in a significant additional cost for the 
project. 

Other options for placement of dredged material include using it to nourish beaches, protect 
shorelines, or create bird islands. In addition, material could be placed offshore, or in existing 
open bay unconfined placement areas. Input from public meetings indicated a desire for 
placement areas to not be located near the shoreline. Based on this restriction, proposed 
placement areas are located on the northeast side of the ship channel (away from shore). 
Suitable locations for onshore uplands were not available along Matagorda Bay. 

Sandy material is available in the Matagorda Bay Reach that could be beneficially used for 
nourishment of beaches that are eroding along the Indianola-Magnolia shoreline. Material could 
also be used for shoreline protection to prevent the loss of marsh and seagrass habitat in and 
around Keller Bay. Marsh, bird island, and sand platform habitat location restrictions are the 
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same as for in-bay uplands, so these habitats could also be located northeast of the ship 
channel. The sand platforms would provide habitat suitable for seagrass colonization, and these 
areas would be allowed to vegetate naturally. 

Material dredged from Matagorda Bay Reach that is not suitable for mitigation or beneficial use 
could be economically placed in an ODMDS. Unconfined placement in Matagorda Bay is being 
considered for some Multi-use Placement alternatives. 

3.1.3.3 Offshore 

The proposed Multi-use Placement Plans could use ODMDS PA 1 and/or a proposed ODMDS 
05 for placement of materials from the Offshore Reach. Sites PA 1 and 05 are offshore 
unconfined dispersive placement sites. These sites have unlimited capacity, so they could be 
used to place all the material from the Offshore Reach. Placing sand on the gulf beach was 
considered; however, sand placed on the north side might increase maintenance costs because 
the jetty fillet has built out and sand is more readily mobilized around the end of the jetties, 
which increases maintenance. Material placed on the south side of the island could be 
transported to the west and increase shoaling at Pass Cavallo. Additionally, the entrance 
channel work requires a hopper dredge, and placing material on a beach requires the material 
to be pumped out. Other uses of the sand were considered, but all other options would require 
pumping out of a hopper dredge which would cost considerably more than offshore placement. 

3.2 ALTERNATIVE ANALYSIS AND SELECTION 

The three Placement Plan types were compared based on cost and ecological impacts/benefits. 
Appendix C provides detailed cost estimates for the alternatives with the base assumptions for 
the estimate. The selected Placement Plan type had both the lowest cost (Table 3-1) and had 
the highest ecological value based on its mitigation and beneficial use sites. 

Table 3-1. Costs for Multi-Use Placement Plans 

Upland Confined Gulf Unconfined Multi-use Placement 
Placement Placement 

New Work Cost $306,596,000 $313,4 72,000 
$233,833 to 

$288,766,000 

Maintenance Cost 
$749,310,000 $1,073, 104,000 

$412,810,000 to 
(50 years) $455, 171,000 

Total Cost $1,055,906,000 $1,386,576,000 
$667,450,000 to 

716,243,000 

3.2.1 Upland Confined Placement Plan 

The new work construction cost for the Upland Confined Placement Plan is $306,596,000. This 
value is high due to the high number of boosters required to pump the dredged materials up to 9 
miles. This cost does not include the cost for additional mitigation that would be required for the 
impacts to bay bottom and oyster reef resulting from widening the channel. The project 
maintenance cost over the 50-year project life is $749,310,000; making the total cost 
$1,055,906,000; excluding costs for mitigation sites (Table 3-1 ). 
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Since all dredged material is removed and placed on shore, the Upland Confined Placement 
Plan has the least conversion of open bay bottom and offshore habitats. However, this plan 
includes no mitigation or beneficial use sites to increase the total habitat functional value of the 
aquatic habitats. In addition, this plan would require purchasing a large amount of land, which 
involves high costs and potential mitigation for impacts to wetlands and other terrestrial habitats. 
The Upland Confined Placement Plan was removed from consideration due to the high costs 
and difficulties arising from large amounts of land acquisition. 

3.2.2 Gulf Unconfined Placement Plan 

The new work construction cost for the Gulf Placement Plan is $313,472,000 due to the travel 
distance required for dredged materials using hopper dredges or dump scowls of up to 9 miles. 
This cost does not include the costs for additional mitigation that would be required for the 
impacts to bay bottom and oyster reef resulting from widening the channel. The project 
maintenance cost over the 50-year project life is $1,073, 100,000 excluding costs for mitigation 
sites. The total project cost for Gulf Unconfined Placement is $1,386,576,000 (Table 3-1 ). 

The Gulf Unconfined Placement Plan minimizes conversion of Bay habitats by not having any 
in-bay placement areas, but results in placement of all of the dredged material into offshore 
unconfined placement. This plan includes no mitigation or beneficial use sites to increase the 
total habitat functional value of the aquatic habitats. Moving all dredged material offshore 
requires long distance transport of some of the materials. The costs for new work and 
maintenance for moving material is higher than other alternatives. Due to the cost associated 
with offshore disposal for all dredged materials, the Gulf Unconfined Placement Plan was 
removed from further consideration. 

3.2.3 Multi-use Placement Plan 

Initial analysis indicated that Multi-use Placement Plans would result in a significantly lower cost 
than the other two types of plans. Four alternatives were developed in order to examine the 
costs and benefits of a range of scenarios for Multi-use Placement Plans with varying placement 
areas. Two alternatives were developed that had full confinement of maintenance and new work 
dredged materials in Matagorda Bay, and two that continued unconfined open bay placement. 
In each of these pairs of alternatives one utilized an onshore upland placement area, and the 
other called for placement of materials in an additional in-bay upland. 

The new work construction costs for the Multi-use Placement Plans range from $233,833,000 to 
$288,766,000 . A significant amount of the new work cost is in building levees for placement 
areas, with transportation costs for materials less than the other alternatives. This plan includes 
mitigation and beneficial use sites, so no additional costs are required. The project maintenance 
cost over the 50-year project life ranges from $412,810,000 to $455,171,000; making the total 
cost from $667,450,000 to $716,243,000 (Table 3-1). 

The Multi-use Placement Plans have greater impacts to the Bay habitat than the other two 
alternatives. However, they provide for mitigation and beneficial use sites, and alternatives 
could be designed to result in a net benefit to the Bay system, whereas the others result in a net 
loss of function. Regardless of the plan selected, Multi-use Placement Plans also have the 
lowest new work and maintenance costs of the three potential alternatives. Multi-use Placement 
was selected as the most favorable alternative based on having the lowest cost and by 
providing benefits to the Bay system. 
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The Multi-use Placement Plan requires the creation of numerous in-bay placement areas, and 
potentially onshore placement areas. In coordination with federal and state resource agencies, 
as well as the public, several different options using numerous placement area configurations 
were evaluated and narrowed down to 4 alternatives whose feasibility of implementation were 
found to be reasonable. Most of the placement areas are the same among all 4 alternatives, the 
main differences are in whether or not there is full confinement in Matagorda Bay, and whether 
or not material is placed in onshore upland area P1. Table 3-2 lists the placement areas that 
make up each alternative. Alternatives 1A and 1 B have full confinement of all new work and 
maintenance material in Lavaca Bay and Matagorda Bay. Alternatives 2A and 2B have full 
confinement of new work and maintenance material in Lavaca Bay and no unconfined open bay 
placement of new work material in Matagorda Bay. Alternatives 2A and 2B have continued use 
of the existing unconfined open bay placement areas for maintenance of the Matagorda Reach. 
Alternatives 1A and 2A place material in site P1. Alternatives 1 Band 2B place material in in-bay 
upland site C2 instead of P1. Exhibits 3, 4, 5 and 6 show the locations of the placement areas 
for Alternatives 1A, 1 B, 2A, and 2B, respectively. Proposed placement areas for the Multi-use 
Placement Plans are described below. 
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Table 3-2. Placement Areas used in each Multi-use Placement Plan Alternative 

Alternative 

1A 1B 2A 2B 

A1 In-Bay Upland x x x x 
A2 In-Bay Upland/Marsh x x x x 
Bl Bird Island x x x x 

BN1, BN2, BN3 Beach Nourishment x x x x 
C2 In-Bay Upland x x 
D In-Bay Upland x x x x 

ER1 
Oyster Reef on Mercury-Impacted x x x x 

sediment 

ER2 
In-Bay Upland on Mercury- x x x x 

Impacted sediment 

ER3 
In-Bay Upland/Marsh on Mercury- x x x x 

Impacted sediment 

G Marsh/Shoreline Protection x x x x 
H2 In-Bay Upland x x 
H4 In-Bay Upland x x 

H4 Habitat Area Marsh/Sand Platform/Bird Island x x 

05 Offshore Dispersive Site x x x x 
OR1 and OR2 Oyster Reef x x 

P1 Onshore Upland x x 

PA1 Existing Offshore Dispersive Site x x x x 
·················································································································································································~ ·························································~···· 

PA5 to PA12 
Existing Unconfined Area x x 

in Matagorda Bay 

3.3.1 Area A1 - In-Bay Upland 

Proposed Area A 1 is a 530-acre, rectangular site located south of the Port of Port Lavaca-Point 
Comfort facilities on existing USACE Placement Areas 18 and 19. The area is planned to be an 
upland site with part of the placement area on land and the majority of the site located in open 
water. Approximately 530 acres of bay bottom are expected to be covered during the filling of 
the placement area. A 1 will be used to contain approximately 2.0 mcy stiff clay and 1.3 mcy soft 
clay of new work material and 45.1 mcy of future maintenance material. 
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Proposed Area A2 is a 260-acre, rectangular site located along the northern shore of Cox Bay, 
which is an eroding clay bluff. The area is planned to include uplands as well as marsh in the 
open bay adjacent to the bluff, which should eliminate future erosion in this area. The upland 
part of the site is planned to extend from the bluffs to an interior levee. The site will have a 
marsh along the bay. Area A2 will contain 140 acres of uplands and 120 acres of marsh 
constructed from new work material. This area will be used to contain approximately 0.8 mcy 
stiff clay and 5.5 mcy soft clay of new work material. A small amount of oyster reef will be 
impacted by construction of the site (0.75 acres) (BESI, 2006a). 

3.3.3 Area BN1, BN2, and BN3 - Beach Nourishment 

Proposed Areas BN1, BN2, and BN3 are located along the public beaches of the Magnolia
Indianola shoreline. These proposed areas would nourish the beaches in areas that have been 
eroding at an average rate of 3 to 4 feet per year. Confining structures of stone or a comparable 
system will be used at the end of the fills near the LaSalle monument to the south as well as 
along the beach fill and at the public boat ramp to the north to stabilize the sand. Additional 
structures would be provided at the Crabbing Bridge to protect the inlet to Old Towne lake and 
at Indian Point to protect the fill. Depending on the composition of the sand, the beach may be 
built out between 150 feet to 300 feet after the initial construction. This area will be used to 
contain approximately 1.9 mcy of new work material. Since these beach nourishment areas will 
be restoring similar habitats to what has been lost to erosion, they would not be considered 
significant impacts to bay bottom habitat. 

3.3.4 Area C2 - In-Bay Upland 

Area C2 is a rectangular 886-acre in-bay upland placement area located to the north of the ship 
channel, north of Magnolia Beach in Lavaca Bay. levees will be raised around the site during 
the initial construction of the channel and openings will be provided to allow circulation until the 
maintenance material is placed inside. Half of the area will begin to be filled with new work 
material, the other half of the area will remain open until 25 years later, when maintenance 
material will begin to be placed there. Area C2 will be used to contain approximately 2.2 mcy of 
new work material and 55.0 mcy of future maintenance material. 

3.3.5 Area D - In-Bay Upland 

Proposed Area Dis a 274.2-acre, rectangular site located adjacent to the southwest side of the 
existing "Dredge Island". The area is planned to be an upland site with part of the placement 
area on land and the majority of the site located in open water. Both marsh and high marsh will 
be created in a 100 ft. wide area along the perimeter of the upland; 7.1 acres marsh and 7.1 
acres of high marsh will be created. Area D and ER3 join together, Area ER3 is the part of the 
placement area that is on mercury-impacted sediments. The amount of existing oyster reef in 
the proposed placement area was estimated at 0.66 acres (BESI, 2006a). A marsh delineation 
done by BESI (2006b) found 3.4 acres of marsh and 18.6 acres of high marsh along the edge of 
dredge island. The remainder of the existing habitat of the site is non-marsh Dredge Island 
shoreline and open bay bottom. Area D will be used to contain approximately 0.7 mcy stiff clay 
and 1.1 mcy soft clay of new work material and 14.8 mcy of future maintenance material. 
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3.3.6 Area ER1 - Enhanced Recovery Area Oyster Reef 

Proposed Area ER1 is located on sediments that are impacted by mercury, which was analyzed 
for the Lavaca Bay Superfund Site. The remedy in the Lavaca Bay Superfund Record of 
Decision (ROD) for this area is to allow natural sedimentation to cover the area. The area 
southwest of Dredge Island had levels of mercury above the remedial action objective (RAO) in 
the surface sediments and had been identified as an area of concern as a result of the remedial 
investigation. The Sediment Radiochemistry Study (Alcoa, 1999) performed by Alcoa 
determined that the lowest sedimentation rates occurred southwest of Dredge Island, which has 
resulted in a slower recovery rate of the impacted sediments in these areas compared to the 
rest of the bay. Although not required by the ROD because these areas are undergoing natural 
sedimentation, an area southwest of Dredge Island has been identified as a potential area for 
beneficial use of available dredged materials to provide additional cover on the sediments, 
which have had mercury concentrations above the RAO. The footprint of this area was limited 
because of the available amount of stiff clay. This area was coordinated with Alcoa as the 
preferred location for the use of the material. 

A report entitled Damage Assessment and Restoration Plan and Environmental Assessment for 
the Point Comfort/Lavaca Bay NPL Site; Ecological Injuries and Service Losses prepared by 
national resource trustees, recommended the area southwest of Dredge Island as one of the 
areas to be used as part of an oyster reef restoration project to compensate for ecological 
injuries at the Point Comfort/Lavaca Bay NPL site. The Trustees recommended the creation of 
an oyster reef that is constructed out of clay-rich spoil material that can be placed on top of the 
mercury-impacted sediments. This would require stiffer clay material for stability reasons. Stiffer 
dredged material from the turning basin or channel will be utilized for this purpose. A layer of 
non-erodable material such as crushed limestone will be placed on top of the dredged material. 
Although this area was not ultimately selected for oyster reef creation as part of the natural 
resource damage assessment, creating an oyster reef in this area is still beneficial and might 
serve to mitigate potential unavoidable oyster reef losses of the project. 

A cultural resources survey (PBS&J, 2006) and oyster survey (BESI, 2006a) were conducted in 
December 2005. A much larger area was surveyed during this field event because several 
additional placement areas were under consideration at the time the survey was performed. 
Conclusions from the cultural resources survey indicated a magnetic anomaly, which is 
indicative of a historical submerged cultural resource, in the vicinity of the placement area. The 
oyster survey also showed the presence of an oyster reef in the vicinity of ER1, but the reef was 
avoided during the planning process. Therefore, no impacts to oyster reefs are expected in this 
area. Because the area is within the middle of the bay, no wetlands are present within the 
boundaries of ER1. Creation of ER1 would also temporarily affect approximately 63 acres of 
unvegetated benthic habitat. However, the benefits of covering impacted sediments are 
believed to outweigh any negative effects to existing benthic habitats. 

The extent of the area is approximately 126 acres and will consist of alternating 50-ft wide rows 
approximately 2-ft thick for oyster reef creation and 50-ft wide channels for access. The effective 
area for oyster reef creation is 63 acres. Crushed limestone or other suitable media may be 
placed on the clay to serve as a base for the recruitment of oysters. These may serve as 
mitigation for the project impacts. From discussions with Alcoa, methylation of mercury occurs in 
the top 1 to 2 cm of sediment. Therefore, the thickness of material of 2 ft provides substantial 
separation between impacted sediments and the created oyster reefs. Thus, there is not a 
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concern for the potential methylation of mercury within this created oyster reef. Placement Area 
ER1 will utilize approximately 0.30 mcy of very stiff to hard clay material. 

3.3.7 Area ER2 - Enhanced Recovery Area In-Bay Upland and Marsh 

Area ER2 is a 178-acre in-bay upland area that will cover mercury-impacted sediments. ER2 is 
located northwest of Dredge Island, along State Highway 35. An analysis of aerial photos 
indicated that approximately 3.4 acres of marsh are present at the site, these impacts would be 
mitigated by creation of a 10.2-acre fringe marsh. In a similar manner oyster reef were 
estimated to be 0.6 acres. Area ER2 will be used to contain approximately 1.1 mcy stiff clay 
and 1.0 mcy soft clay of new work material and 6.9 mcy of future maintenance material. 

3.3.8 Area ER3 - Enhanced Recovery Area In-Bay Upland and Marsh 

The northern part of the Dredge Island was excavated during initial remedial activities at Lavaca 
Bay Superfund Site prior to the establishment of the remedial action objectives. Sediments on 
the northern edge of Dredge Island are impacted by mercury with concentrations above the 
Lavaca Bay Superfund ROD sediment RAO. Dredged sediments will be placed over the area to 
cover impacted sediment. 

ER3 is a confined placement area used to contain soft new work and maintenance material. A 
100-ft wide marsh will be created along the perimeter to serve as both shoreline protection as 
well as mitigation for project impacts. This type of protection is adequate because the placement 
area is sheltered by existing landmasses and the water is relatively shallow in the adjoining bay. 
Existing marsh along Dredge Island in the area provides evidence that this measure should be 
adequate. The levee with adjoining marsh will be constructed of stiff to very stiff clay new work 
material. ER3 marsh and upland will store approximately 1.2 mcy stiff clay and 1.3 mcy soft clay 
of new work material and 13.2 mcy of maintenance material. Placement area D adjoins ER3 on 
its southern edge, where mercury concentrations fall below RAO. 

In addition to ER3 upland and fringe marsh, a marsh will be connected to the east side of 
Dredge Island. A low bulkhead will be installed along the eastern side to separate the area from 
the adjacent navigation channel. The bulkhead will confine the placed material and prevent it 
from entering the channel. Openings within the bulkhead will be provided for marsh circulation 
once the material is placed. Stiff clay will be placed within the area to create a platform at an 
intertidal level for marsh creation. The dredge pipe will be moved within the area to facilitate the 
creation of islands and creeks in the marsh the area. Along the shoreline and within the water, 
the thickness of the clay cover will be a minimum of 2.0 feet thick. In the deeper water areas, 
the thickness will be greater in order to reach the target intertidal level. In discussions with 
Alcoa, 2.0 ft thick material provides adequate separation between impacted sediments and the 
created marsh. Thus, there is not a concern for the potential methylation of mercury within this 
created marsh. 

Results from oyster reef (BESI, 2006a) and marsh (BESI, 2006b) delineations indicate that 
creation of ER3 will result in the loss of approximately 11 acres of coastal marsh (1.6 acre of 
fringe marsh and 9.4 acres of high marsh), 17 acres of oyster reefs, and 184.5 acres of 
mercury-impacted bay bottom. 
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3.3.9 Area G - In-Bay Upland with Sand Point & Keller Bay Protection 

Erosion at Sand Point and the peninsula separating Keller Bay from Matagorda Bay threatens 
the adjacent marsh systems and seagrass habitat in Keller Bay. A breach of this peninsula 
would cause Keller Bay to be connected to Matagorda Bay and result in a loss of seagrass 
habitat and acceleration of the loss of marsh due to erosion. The combined resource agency 
work group has agreed that some measure of shoreline protection should be implemented in 
this area to prevent the breaching of the shoreline and the associated impacts to these areas. 
Placement Area G and associated shoreline protection is proposed to provide the desired 
protection. 

Area G is a 320-acre, rectangular marsh located 300 ft. offshore of Sand Point Marsh and 
continues as shoreline protection to the end of Keller Bay. The marsh area has a capacity of 2.2 
mcy stiff clay and 2.1 mcy soft clay of material, and will be constructed entirely from new work 
material. The shoreline protection proposed consists of an armored earthen levee to 
approximately elevation 6.0 feet above mean low tide (ML T) with an area of 12.6 acres. The 
levee will be constructed using materials mechanically excavated from along the shoreline. 

3.3.10 Area H2 - In-Bay Upland 

Area H2 is only required in Alternatives 1A and 1 B, which have full containment of dredged 
materials in Matagorda Bay, where in-bay uplands are used to contain the material. Area H2 is 
a 564-acre rectangular upland located north of Port O'Connor in Matagorda Bay northeast of the 
ship channel. The site has a capacity of 9.2 mcy new work material and 42.4 mcy of 
maintenance material. Half of the area will be filled with new work material, and the other half 
will not begin to be filled until 25 years later. 

3.3.11 Area H4 - Beneficial Use Site Including Marsh, Sand Platform, and Bird Island 

Area H4 is located north of Port O'Connor in Matagorda Bay along the northeast side of the ship 
channel. This area would only be constructed in Alternatives 2A and 2B, which do not require 
uplands to contain as much of the dredged material. The area will be a mosaic of habitat 
including 325 acres of sandy shallow-water habitat at a depth of -2 to -3 ML T, 100 acres of 
marsh islands/terraces, and a 25-acre bird island. Seagrass beds at the shoreline between 
Powderhorn Lake and Port O'Connor are expected to provide propagules to establish seagrass 
in the calm, shallow, sandy areas. A perimeter levee with gaps for water circulation will be 
installed and armored to an elevation of 8.0 ML T and silty/sandy material will be placed inside to 
create the variety of habitats. The site will be used to contain approximately 1.5 mcy stiff clay 
and 8.5 mcy silty sand of new work material. 

In alternatives that feature full containment of dredged material in Matagorda Bay, the H4 
habitat area will be replaced by an H4 upland area. As an upland, Area H4 has a capacity to 
hold 10.7 mcy of new work material and 42.5 mcy of maintenance material in a 675-acre 
footprint. In such alternatives H4 will no longer contain a mosaic of habitats, but it will have 131 
acres of shallow sandy areas that are conducive to seagrass colonization. 

3.3.12 Area 01 and 02 - Sundown Island and Port O'Connor Beach 
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Sundown Island and the Port O'Connor Beach periodically receives material from maintenance 
dredging of the Gulf lntracoastal Waterway. Both will be considered as potential placement 
areas, but are not used to develop the 50-year DMMP. 

3.3.13 Area 05 - New ODMDS 

05 is a 1600-acre rectangular open-water placement area located approximately 3 miles 
offshore and 1,000 feet south of the channel centerline. The ODMDS will be used for the 
placement of approximately 12.0 mcy of new work dredged material from Matagorda Bay and 
Offshore. 

3.3.14 Area OR1 and OR2 - Clay Core Oyster Reefs 

Proposed Areas OR1 and OR2 together have 235 acres of clay core oyster reefs to be located 
in upper Lavaca Bay. Sites will be selected to maximize their potential to become productive 
oyster reef habitat, which is based on a number of factors, including appropriate salinity, 
orientation to currents, and temperature. The proposed reefs would be constructed from stiff 
clay from new work channel material to provide an elevation of a minimum of 1 ft. above 
surrounding bay bottom. The stiff clay serves as a base for the proposed oyster reefs. After the 
clay is placed the area will be covered with 3 inches of crushed limestone or similar media 
conducive to recruitment of oyster. This area will be used to contain approximately 1 .0 mcy of 
new work material. 

3.3.15 Area P1 -Terrestrial Upland 

Proposed Area P1 is a 700-acre site located south of Alamo Beach on existing agricultural land. 
The area is planned to be an upland site and would be built out over the 50-year project life. 

levees will be raised around the site during the initial construction of the channel and provide 
capacity for new work and maintenance material. Fill will be placed in the area during the first 
maintenance cycle. It will be used to contain approximately 1 .0 mcy of new work, and 55.0 mcy 
of future maintenance material. 

3.3.16 Area PA1 - Existing ODMDS 

PA 1 is a 453-acre rectangular open-water placement area located approximately 2 miles 
offshore and 1,000 feet south of the channel centerline. PA 1 will be used for the placement of 
approximately 13.6 mcy of maintenance material from the Entrance Channel over a 50-year 
period. 

3.3.17 Area PA- Existing Unconfined Open-Water Placement Areas 5, 6, 7, 8, 9, 10, 11, 
and 12 

The MSC is currently maintained by placing dredged material in unconfined placement areas 
along the length of the channel, both in the bay and offshore. 

Placement Areas PAS - 12 are located northeast of the ship channel in Matagorda Bay. The 
areas are separated from the channel by a ridge that is most likely a remnant of the initial 
construction of the channel. These areas are dispersive and are considered to have unlimited 
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capacity for the placement of dredged material. The areas will be used for the placement of 109 
mcy of future maintenance material in Matagorda Bay. 

3.3.18 Multi-use Placement Alternative Analysis 

For each alternative, mitigation for marsh and oyster reef impacts will be done using standard 
ratios (1 :1 for oyster reefs and 3:1 for marsh), and each of the 4 alternatives would affect the 
same amount of these habitats. A Habitat Equivalency Analysis (HEA) was done to scale 
mitigation for bay bottom impacts (URS, 2006a). The HEA quantifies the functional value of 
habitats impacted and habitats created for the proposed alternatives over the 50-year planning 
period. The HEA is also used to assess the impact of the No Action Alternative, which is 
continued unconfined placement of all maintenance material from the existing ship channel and 
continued erosion near Keller Bay. Alternatives with a HEA value greater than that of the No 
Action Alternative provide a benefit to the functional value of bay habitats compared to the No 
Action Alternative. Alternatives with a HEA value of less than the No Action Alternative would 
require additional mitigation for bay bottom impacts. The alternative with the highest HEA value 
provides the greatest benefit to the aquatic ecosystem. Table 3-3 to Table 3-6 provide 
acreages, HEA values, and costs for each placement area, and total HEA values for 
Alternatives 1A, 1 B, 2A, and 2B, respectively. 

Table 3-7 provides a cost/benefit comparison of the four Multi-use Placement Alternatives, 
including the new work costs and HEA values. Alternative 2A has the highest HEA value, as 
well as the lowest cost, and is therefore the preferred alternative. 

3-13 

ED_013073_00000045-00036 



Matagorda Ship Channel Improvement Project 
Dredged Afaterial Management Plan 

Table 3-3. Acreages, HEA Values, and Costs of Placement Areas for Alternative 1A. 

Impacts Benefits 
Site Habitat Type 

Acres 
HEA 

Acres 
HEA Cost 

Value Value 

Proposed Ship ~Cly l:?c::>~~()l!l 704.0 -3490.7 
Channel Offshore Bottom 213.0 -1056.1 

Stop Current 
Unconfined Bay Bottom 1879.0 2329.2 --
Placement 

A1 Bay Bottom 530.0 -2627.9 $21,149,000 

A2 
Marsh 120.0 1230.3 

$29,597,000 
Bay Bottom 140.0 -694.2 

BN1, BN2, BN3 Beach 125.0 ) c $12,387,000 

C2 ~~y ~()~~()1!1 ~Q~~ 
Bay Bottom 2035 

D Bay Bottom 260.0 -1289.2 $11,466,000 
ER1 Oyster Reef ).( ...... · .. $3,277,000 
ER2 Mercury Bottom 167.8 -416.0 $10,017,000 
ER3 Mercury Bottom 161.0 -399.2 $13,723,000 

~Cly l:?c::>tt()l!l 24.6 -122.0 

G 
Marsh 320.0 3280.9 

$30,646,000 Marsh Protection 432.1 3976.5 
Seagrass Protection 250.0 3782.7 

Bay Bottom 
.............................................................. 

H4 Habitat Area 
Bird Island c .• .. · ) .·.·· 

Marsh c c 
Sand Platform 

H2 E3C1Y ~()ttc::>111 ~Q1~ 294.0 -1457.8 
$35,804,000 

Bay Bottom 2035 270.0 -426.2 

Bay Bottom 201 O 59.0 -292.5 

H4 E3C1Y ~()~~()111 ~Q~~ 271.0 -1193.7 
$63,603,000 

Bay Bottom 2035 273.0 -430.9 
------------------------------------------------------------------------

Sand Platform 131.0 780.8 

Offshore Bottom New 
1600.0 -304.4 

Work (05) 
05 and PA1 ............................................................ $8,040,000 

Offshore Bottom 
453.0 -540.0 

Maintenance (PA1) 

PA5-12 
Bay Bottom --
Unconfined 

OR1 and OR2 Oyster Reef ).( ...... • .. $9,652,000 

P1 Terrestrial 700.0 -- $7,011,000 

Other Related 
$4,700,000 

Costs 

Total -14740.6 15380.4 

Total HEA and Cost 639.7 $261,072,000 
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Table 3-4. Acreages, HEA Values, and Costs of Placement Areas for Alternative 1 B. 

Alternative 1 B 
Impacts Benefits 

Site Habitat Type 
Acres 

HEA 
Acres 

HEA Cost 
Value Value 

Proposed Ship Bay Bottom 704.0 -3490.7 
Channel Offshore Bottom 213.0 -1056.1 

Stop Current 
Unconfined Bay Bottom 1879.0 2329.2 --
Placement 

A1 Bay Bottom 530.0 -2627.9 $21, 149,000 

A2 
Marsh 120.0 1230.3 

$29,597 ,000 
Bay Bottom 140.0 -694.2 

BN1, BN2, BN3 Beach 125.0 
u •·••· 

$12,387,000 

C2 ~~y ~('.)~~~~ ~~~~ 446.0 -2211.4 $27,717,000 
Bay Bottom 2035 440.0 -694.5 

D Bay Bottom 260.0 -1289.2 $11,466,000 
ER1 Oyster Reef c · .. • ·.• .... $3,277,000 
ER2 1¥1~~~1:11)' ~('.)~~~~ 167.8 -416.0 $10,017,000 
ER3 Mercury Bottom 161.0 -399.2 $13,723,000 

~~Y~'?~~<:ll"!l 24.6 -122.0 

G 
Marsh 320.0 3280.9 

$30,646,000 
Marsh Protection 432.1 3976.5 

Seagrass Protection 250.0 3782.7 

Bay Bottom 
............................................................. 

H4 Habitat Area 
Bird Island · ... • ..... .... 

Marsh 

Sand Platform 

H2 
Bay Bottom 2010 294.0 -1457.8 

$35,804,000 ...................................................................... 

Bay Bottom 2035 270.0 -426.2 

Bay Bottom 2010 59.0 -292.5 
...................................................................... 

H4 
Bay Bottom 2013 271.0 -1193.7 

$63,603,000 
Bay Bottom 2035 273.0 -430.9 

...................................................................... 

Sand Platform 131.0 780.8 

Offshore Bottom New 
1600.0 -304.4 

05 and PA1 
Work 

$8,040,000 
Offshore Bottom 

453.0 -540.0 
Maintenance 

PA5-12 Bay Bottom Unconfined · .. · ) ) --
OR1 and OR2 Oyster Reef 

P1 Terrestrial · ... • ..... .... 

Other Related 
Costs including $21,340,000 
Oyster Mitigation 

Total -17646.5 15380.4 

Total HEA and Cost -2266.2 $288, 766,000 
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Table 3-5. Acreages, HEA Values, and Costs of Placement Areas for Alternative 2A. 

Alternative 2A 
Impacts Benefits 

Site Habitat Type HEA HEA Cost 
Acres 

Value 
Acres 

Value 

Proposed Ship Bay Bottom 704.0 -3490.7 
... 

Channel Offshore Bottom 213.0 -1056.1 

Stop Current 
Unconfined Bay Bottom 1879.0 2329.2 --
Placement 

A1 Bay Bottom 530.0 -2627.9 $21, 149,000 

A2 
Marsh 120.0 1230.3 

$29,597 ,000 
Bay Bottom 140.0 -694.2 

BN1, BN2, BN3 Beach 125.0 $12,387,000 

C2 E3C1Y E3()tt()ll1 ?()1 () 
Bay Bottom 2035 · .. · c · .. · · .. · 

D Bay Bottom 260.0 -1289.2 $11,466,000 
ER1 Oyster Reef •. • .. • 

•-.··· • .. 
$3,277,000 

ER2 Mercury Bottom 167.8 -416.0 $10,017,000 
ER3 Mercury Bottom 161.0 -399.2 $13,723,000 

E3C1Y E3()tt()ll1 24.6 -122.0 

G 
Marsh 320.0 3280.9 

$28,967 ,000 
Marsh Protection 432.1 3976.5 

Seagrass Protection 250.0 3782.7 

E3ClY E3<?~~<?'!1 20.0 -99.2 

H4 Habitat Bird Island 25.0 -124.0 
$43, 167 ,000 

Area Marsh 100.0 1025.3 

Sand Platform 325.0 1937.0 

H2 
Bay Bottom 201 O 

......................................................................... 

Bay Bottom 2035 

E3ClY E3<?~~<?111 ?()1 () 
H4 

Bay Bottom 2013 
-------------------------------------------------------------------------

Bay Bottom 2035 · .. · c · .. · · .. · 
.......................................................................... 

Sand Platform c • .. • ) c 
Offshore Bottom New 1600.0 -304.4 

05 and PA1 
Work (05) 

$38,720,000 
Offshore Bottom 

453.0 -540.0 
Maintenance (PA1) 

PA5-12 Bay Bottom Unconfined 1350.0 -1609.3 --
OR1 and OR2 Oyster Reef ) c • .. ) $9,652,000 

P1 Terrestrial 700.0 $7,011,000 

Other Related 
$4,700,000 

Costs 

Total -12772.0 17561.9 

Total HEA and Cost 4789.9 $233,833,000 

3-16 

ED_013073_00000045-00039 



Matagorda Ship Channel Improvement Project 
Dredged Afaterial Management Plan 

Table 3-6. Acreages, HEA Values, and Costs of Placement Areas for Alternative 2B. 

Alternative 28 
Impacts Benefits 

Site Habitat Type HEA HEA Cost 
Acres 

Value 
Acres 

Value 

Proposed Ship l?C1Y [3()tt()l11 704.0 -3490.7 
Channel Offshore Bottom 213.0 -1056.1 

Stop Current 
Unconfined Bay Bottom 1879.0 2329.2 --
Placement 

A1 Bay Bottom 530.0 -2627.9 $21,149,000 

A2 
Marsh 120.0 1230.3 

$29,597,000 
Bay Bottom 140.0 -694.2 

BN1, BN2, BN3 Beach 125.0 $12,387,000 

C2 l3C1Y f3()tt()rT1 ?919 446.0 -2211.4 $27,717,000 
Bay Bottom 2035 440.0 -694.5 

D Bay Bottom 260.0 -1289.2 $11,466,000 
ER1 Oyster Reef c .•..•• .. • c $3,277,000 
ER2 Mercury Bottom 167.8 -416.0 $10,017,000 
ER3 Mercury Bottom 161.0 -399.2 $13,723,000 

l?C1Y (3()~~()111 24.6 -122.0 

G 
Marsh 320.0 3280.9 

$28,967,000 
Marsh Protection 432.1 3976.5 

Seagrass Protection 250.0 3782.7 

Bay Bottom 20.0 -99.2 
............................................................... 

H4 Habitat Area 
Bird Island 25.0 -124.0 

$43, 167,000 
Marsh 100.0 1025.3 

Sand Platform 325.0 1937.0 

H2 l?"1Y (3()~~()111 ?9~9 
Bay Bottom 2035 ) c ·.· ·.· 

Bay Bottom 201 O 
........................................................................ 

H4 
Bay Bottom 2013 

(3(ly l?C>~~()l11 ?9~~ 
Sand Platform 

Offshore Bottom New 
1600.0 -304.4 

05 and PA1 
Work 

$38,720,000 
Offshore Bottom 

453.0 -540.0 
Maintenance 

PA5-12 Bay Bottom Unconfined 1350.0 -1609.3 --
OR1 and OR2 Oyster Reef 

P1 Terrestrial 
Other Related $21,340,000 

Costs 

Total -15677.9 17561.9 
Total HEA and Cost 1883.9 $261,536,000 
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Table 3-7. Cost and HEA Values for each Multi-use Placement Plan Alternative. 

Alternatives 

1A 1B 2A 2B 

New Work Cost $261,072,000 $288,766,000 $233,833,000 $261,536,000 
Maintenance 

(50 Year) $455, 171,000 $425,789,000 $433,617,000 $412,810,000 

HEA Value 639.7 -2266.2 4789.9 1883.9 

Total $716,243,000 $714,555,000 $667,450,000 $674,346,000 

3.4 PREFERRED ALTERNATIVE DESCRIPTION 

Multi-use Placement Plan Alternative 2A is the lowest-cost alternative, and the HEA model 
demonstrates that it provides the greatest environmental benefits. This Dredged Material 
Management Plan (DMMP) (Table 3-8) describes a plan for placement of new work material 
and 50 years of maintenance material. (Table 3-9) lists the pre-construction and post
construction conditions for each placement area. Figure 2 to Figure 45 detail the placement 
areas for Alternative 2A. 

3.4.1 Lavaca Bay 

All new work material and all maintenance material for the 50-year planning period will be 
placed in confined placement areas. Eliminating unconfined open bay placement in Lavaca Bay 
is expected to decrease shoaling (URS, 2006b). Reducing the amount of sediment in the bay 
would reduce the amount of dredging required in the channel per unit area of channel. For this 
DMMP a value of 5.4 mcy of dredged material per 2-year dredge cycle in Lavaca Bay is used, 
based on Moffatt & Nichol (2006). 

Sufficient capacity for all new work material and 20 years of maintenance material will be built in 
initial construction. The material would be placed in Areas A 1, A2, ER1, ER2, ER3, D, OR1, 
OR2, and P1; as described previously. Area A 1 is an in-bay upland. Areas A 1, A2, D, and ER3 
are in-bay uplands with significant amounts of marsh created along the edges. Areas ER1, 
OR1, and OR2 are oyster reefs. Area P1 is an onshore upland confined site. The levee for A 1 
will be initially built to 15 ft., ER2 and ER3 to 12 ft., and A2 and D to 8 ft. After the first 20 years 
of maintenance the levees of the upland sites will be raised incrementally to contain future 
maintenance material. 

3.4.2 Matagorda Bay 

For the proposed MSCIP, 29.6 mcy of new work material in Matagorda Bay would be dredged. 
All new work material in Matagorda Bay will be placed in Areas G and H4; as described in 
previously. Area G is a marsh with an armored earthen levee to provide shoreline protection 
along Keller Bay. Area H4 contains a bird island, marshes, and shallow sandy areas suitable for 
seagrass colonization. All maintenance material in Matagorda Bay (4.4 mcy/2-year cycle) will be 
placed in existing unconfined open bay placement areas (PA5-12). This plan provides for 50 
years of capacity with no future construction required. 
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All new work and maintenance material in the Offshore Reach will be placed in the ODMDS 
sites, existing site PA 1 and proposed site 05; as described in Section 4. Offshore dispersive 
site 05 will be used for the placement 8.8 mcy of new work material unsuitable for use in Area 
H4, and PA 1 will be used for placement of 13.6 mcy of maintenance material. This plan 
provides for 50 years of capacity with no future construction required. 
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Table 3-9. Pre- and Post-Construction Acreages of Habitats for Placement Areas in Alternative 2A. 

Open Mercury 
Offshore Oyster Sand Bird Unconfined 

Ship 
High Ag ricu ltu ral 

Onshore Total 
Bay Impacted Upland Marsh 1 Beach Channel Placement Area 

Bottom Bottom 
Bottom Reef Platform Island Placement 

Bottom 
Marsh2 land 

Area (acres) 

574.8 213 129.2 

917 

917 

530 

530 

530 

259.3 0.75 

260 

140 120 

125 

125 

125 

251.5 3.4 0.66 18.6 

274.2 

260 7.1 7.1 

126 

126 

63 63 

174 3.4 0.6 

178 

167.8 10.2 
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H4 Habitat Construction 
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Table 3-9. Pre- and Post-Construction Acreages of Habitats for Placement Areas in Alternative 2A. 

Open Mercury 
Offshore Oyster Sand Bird Unconfined 

Ship 
High Ag ricu ltu ral 

Onshore Total 
Bay Impacted Upland Marsh 1 Beach Channel Placement Area 

Bottom Bottom 
Bottom Reef Platform Island Placement 

Bottom 
Marsh2 land 

Area (acres) 

184.5 40 1.6 17 9.4 
252.5 

5.2 201 30.25 16.05 

332 
332 

12 320 

21.8 
21.8 

9.2 12.6 

470 
470 

20 100 325 25 

1600 
1600 

1600 

235 
235 

235 

700 
700 

700 
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Table 3-9. Pre- and Post-Construction Acreages of Habitats for Placement Areas in Alternative 2A. 

Open Mercury 
Offshore Oyster Sand 

Alternative 2A Bay Impacted Upland Marsh 1 

Bottom Bottom 
Bottom Reef Platform 

Pre-
453 

Construction 
PA1 

Post-
Construction 

Pre-
1350 

Construction 
PA5-12 

Post-
Construction 

Pre-
4149.4 484.5 2266.0 40.0 8.4 148.2 0.0 

Construction 
Total 

Post-
77.4 0.0 0.0 1343.4 587.6 298.0 325.0 

Construction 

1 Marsh habitat post-construction will be Spartina altemiflora near mean sea level 

2 High marsh areas have infrequent tidal flooding, post construction they will be dominated 
by Spattina patens. 

3 Includes active placement areas PA 18 and PA 19 

Beach 

0.0 

125.0 

4 Area D oyster reef area and Area ER2 marsh and oyster reef areas estimated using aerial photos 
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Bird Unconfined 
Ship 

High Ag ricu ltu ral 
Onshore Total 

Channel Placement Area 
Island Placement 

Bottom 
Marsh2 land 

Area (acres) 

453 

453 

1350 

1350 

0.0 0.0 0.0 28.0 700.0 0.0 
7824.5 

25.0 3403.0 917.0 23.2 0.0 700.0 



4.0 DREDGING OPERATIONS 

4.1 DREDGING TECHNIQUES 

The three general categories of dredging methods are: 

• Hopper dredging, 

• Hydraulic dredging, and 

• Mechanical dredging. 

Matagorda Ship Channel Improvement Project 
Dredged Afaterial Management Plan 

The factors important to selection of a specific dredging method include logistical issues 
associated with the area to be dredged, physical characteristics of dredged material, and 
placement area locations selected for management of the dredged material. 

Hopper dredges are used when longer stretches of channel are available to allow for 
unrestricted movement within the dredge area and when the placement site is too far away to 
economically pump the material. Based on the proposed site layout and expected placement 
locations, a hopper dredge is most suitable for work in the entrance channel in the Gulf of 
Mexico. 

Hydraulic cutterhead dredges are used when the MSCIP and placement area are close enough 
to economically pump the dredged material. Hydraulic dredges typically are used to place 
material in upland confined or in bay confined placement sites through dredge pipelines, but 
may place dredge material in unconfined placement areas as well. Based on the site layout, 
expected placement locations, and material type, a hydraulic dredge would be suitable for this 
project. 

Mechanical dredges along with dump scows are generally used when the placement site is too 
far away to hydraulically pump dredged material and where the material cut section consist of 
soft clay. In these operations, dredged material is placed in the dump scows and towed to the 
disposal site. The material may be bottom-dumped from the scow, off-loaded with a crane, or 
pumped from the scow with a hydraulic loader. Mechanical dredges are also efficient at 
constructing marine slips where the dredged material may be placed directly on adjacent land. 
The transportation costs are eliminated and if the material is competent then it may be used as 
structural fill onsite. 

4.2 POTENTIAL DREDGING IMPACTS 

4.2.1 Water Column 

Potential effects on water quality from dredging and dredged material placement include: 1) the 
re-suspension of sediments, increasing total suspended solid (TSS) concentrations in the water 
column; and 2) toxic effects from the re-suspension of impacted sediments. These potential 
effects are addressed in the following sections. 
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Dredging of the MSCIP will result in a temporary and localized increase in TSS concentrations, 
which will temporarily increase turbidity in the water column. TSS at the placement location is 
highly dependent on the configuration and type of the placement area. For this project, the 
Texas Commission on Environmental Quality provides water quality certification for the 
discharge of decant water from upland confined placement areas and generally limits the TSS 
concentrations of these discharges to 300 mg/L. In bay confined and unconfined placement 
areas are typically related to beneficial use of dredged material projects such as marsh creation 
or subaqueous capping of impacted sediments. These projects do temporarily elevate TSS 
concentration above the 300 mg/L limit for upland confined placement areas. Siting of the 
placement area and placement controls reduce the potential affect of elevated TSS 
concentrations. The potential for habitat impacts exist from elevated TSS; however, control 
measures beginning with avoidance of critical habitats are available to reduce the potential 
effects of elevated TSS. During the selection process, CCND will avoid unconfined placement 
of dredged materials near critical habitats such as oysters and beds of submerged aquatic 
vegetation that could be affected by increases in TSS. Where these sensitive areas cannot be 
avoided, CCND will implement control measures such as turbidity curtains and discharge 
controls to direct the flow of material away from these habitats. 

4.2.2 Impacted Sediments 

4.2.2. 1 Initial Dredging (New Work) Material 

The primary concern with regard to sediment quality in the project area is mercury. Activities 
performed as part of the MSCIP that may potentially disturb and cause the re-suspension of 
mercury-impacted sediments include direct dredging, placement of dredged material to build 
dikes or levees, and building access channels for moving equipment. The specific impacts are 
further discussed in the following sections. 

Direct Dredging 

The MSCIP will result in the dredging of approximately 46.5 million cubic yards of new 
construction dredged material. The quality of the dredged material may be of concern if 
dredged from areas historically impacted by mercury from the Superfund Site. An evaluation of 
the end-of-dredge-pipe mercury concentration was performed. According to the Inland Testing 
Manual (EPA/COE, 1998), dredge material may be classified using vertical subdivisions which, 
"should reflect the actual removal precision to be employed during the dredging operation." 
Using this guidance, it was estimated that given the soil boring data along the channel 
alignment, a six-foot dredge cut is the minimum economical dredge cut. This determination is 
based on the conditions that there are 1 to 3 feet of maintenance or soft mud overlying new 
work clay, a large cutter suction dredge (30-inch diameter discharge and 1,500 hp cutterhead), 
and more than 20 feet of material to dredge. 

Utilizing the most recent data obtained from Alcoa (Appendix B) and following procedures 
outlined in the Inland Testing Manual, mercury concentrations were averaged over a six-foot 
dredge cut. Samples were collected approximately every two feet from the mudline, through the 
unconsolidated sediment and stopped once consolidated material was encountered. The 
mercury concentration in the material underlying unconsolidated sediment is assumed to be 
negligible, or for these purposes 0.0 mg/Kg. Using the described sample depths and 

4-2 

ED_013073_00000045-00048 



Matagorda Ship Channel Improvement Project 
Dredged Afaterial Management Plan 

corresponding concentrations, as well as the thickness of the consolidated material with a 
mercury concentration of 0.0 mg/kg, a weighted mercury concentration was calculated. The 
tables below shows the depth/concentration intervals, as well as provides the concentrations 
derived for a six-foot dredge cut for the turning basin and ship channel, respectively. 

Average Concentrations Over Dredge Cut for Turning Basin Sample Locations 

Sample Interval Interval Interval Interval Interval Interval Interval Interval Total Average 
Station I - I - Cone 11 - II - Cone 111 - Ill - Cone IV- IV - Cone Depth Cone 

Thickness Thickness Thickness Thickness 
LNG0001 1.4 0.0142 4.6 0 n/a n/a n/a n/a 6 0.003 

LNG0002 2 0.0206 0.5 0.0083 3.5 0 n/a n/a 6 0.008 

LNG0003 2 0.121 1.2 0.014 2.8 0 n/a n/a 6 0.043 

LNG0004 1.1 0.0086 4.9 0 n/a n/a n/a n/a 6 0.002 

LNG0005 1.2 0.0399 4.8 0 n/a n/a n/a n/a 6 0.008 

LNG0015 2 0.26 1.2 0.0378 2.8 0 n/a n/a 6 0.094 

LNG0016 2.7 0.502 3.3 0 n/a n/a n/a n/a 6 0.226 

LNG0017 2 0.055 0.8 0.0205 3.2 0 n/a n/a 6 0.021 

LNG0018 1.8 0.543 4.2 0 n/a n/a n/a n/a 6 0.163 

LNG0020 2 0.0571 1.9 0.0164 2.1 0 n/a n/a 6 0.024 

LNG0021 2 0.0658 0.4 0.0136 3.6 0 n/a n/a 6 0.023 

LNG0023 1.9 0.0487 4.1 0 n/a n/a n/a n/a 6 0.015 

LNG0024 2 0.0525 1.3 0.0209 2.7 0 n/a n/a 6 0.022 

LNG0025 2 0.0404 0.8 0.0319 3.2 0 n/a n/a 6 0.018 

Average Concentrations Over Dredge Cut for Ship Channel Sample Locations 

Sample Interval Interval Interval Interval Interval Interval Interval Interval Total Average 

Station 
I -

I - Cone 
11 -

II - Cone 
111 -

Ill - Cone 
IV -

IV - Cone Depth Cone 
Thickness Thickness Thickness Thickness 

LNG0006 2 0.0982 0.7 0.0057 3.3 0 n/a n/a 6 0.033 

LNG0007 1.5 0.0883 4.5 0 n/a n/a n/a n/a 6 0.022 

LNG0008 2 0.165 2.3 0.0052 1.7 0 n/a n/a 6 0.057 

LNG0009 2 0.215 2 0.009 1.3 0.0042 0.7 0 6 0.076 

LNG0010 2 0.109 0.7 0.0024 3.3 0 n/a n/a 6 0.037 

LNG0011 0.8 0.0709 5.2 0 n/a n/a n/a n/a 6 0.009 

LNG0012 2 0.147 1.8 0.0197 2.2 0 n/a n/a 6 0.055 

LNG0013 2.3 0.175 3.7 0 n/a n/a n/a n/a 6 0.067 

LNG0014 2 0.324 2 0.0183 2 0 n/a n/a 6 0.114 

Based on the analyses, all average mercury concentrations were below the RAO of 0.25 mg/kg 
for critical habitats (marsh-type) and therefore, there should be no restrictions on the use of the 
dredged material. 

Placement of Dredged Material 

Potential placement alternatives for the dredged material include upland placement, beneficial 
use, unconfined in-water, and ocean placement. The potential dredged material placement 

4-3 

ED_013073_00000045-00049 



Matagorda Ship Channel Improvement Project 
Dredged Afaterial Management Plan 

areas are shown on Figure 2. The areas southwest (ER1) and north (ER2 and ER3) of Dredge 
Island are potential enhanced recovery placement areas for the dredged material. These areas 
were identified as areas of concern following the remedial investigation at the Alcoa (Point 
Comfort)/Lavaca Bay Superfund Site. These areas are currently undergoing natural recovery by 
sedimentation. The natural recovery effort will be enhanced by the placement of dredged 
material over the impacted sediments. 

In addition to impacts due to the location of the placement areas, disturbance of bay sediments 
can also result from building dikes/levees to contain the dredged material within the placement 
areas. There is a concern with regard to the placement of dredged material to build the 
dikes/levees because there may be potential to displace sediments from underneath the dikes. 
This is referred to as a mud wave. Mud waves occur when excessive dredged material is 
rapidly placed on top of soft, weak sediments exceeding the sediment's bearing capacity. This 
is a concern in areas where soft sediment is present and where mercury concentrations are 
elevated because of the potential for the exposure of buried mercury, i.e. D, ER1, ER2, ER3, 
and A1. Placement area A1 has generally recovered with respect to surficial mercury 
contamination (Alcoa, 1999) but may potentially have mercury concentrations exceeding the 
RAOs for marsh-type (0.25 mg/kg) or open water (0.5 mg/kg) habitats at depth. According to 
sediment probing performed in June 2006, placement areas A 1 and D have soft sediments with 
depths ranging from 19 inches to 62 inches with the largest depths from placement area A 1. No 
recent analytical data are available for Cox Bay where placement area A 1 is located, but 
historical data show mercury concentrations above 0.5 mg/kg in Cox Bay (Alcoa, 1995). Due to 
the fact that Cox Bay has deeper waters, the potential for mercury-impacted sediments to be 
displaced by a mud wave onto emergent marsh is unlikely. Therefore, the RAO of 0.5 mg/kg for 
open water habitat is used as the basis for comparison. When compared to the RAO for open 
water habitats, there is a possibility for mercury-impacted sediments to be exposed in the event 
of a mud wave occurring in placement area A 1 within Cox Bay. Historical data also indicate 
elevated mercury concentrations at depth in placement area D within Lavaca Bay (Alcoa, 1999). 
Current analytical data show mercury concentrations above 0.5 mg/kg along the shoreline of 
Dredge Island within placement area D (Exhibit 7). Placement areas ER2 and ER3 have 
residual elevated mercury concentrations at the surface and at depth according to the recent 
2005 sampling results from Alcoa (Appendix B). Recent analytical data is not available for 
placement area ER1, but historical data indicate that mercury-impacted sediment may exist at
depth (Exhibit 8). In areas where very soft sediment exists, it may be difficult to avoid creating 
mud waves during construction of the levees. The issue of exposing sediments with elevated 
mercury concentrations in these areas has been recognized. Work in these areas is planned to 
progress from the outside to the inside of contaminated areas, which provides for any disturbed 
area to be covered by the subsequent placement of clean dredged material. For placement 
areas D, ER2, and ER3 (Figure 2), a 100-ft wide bench will be created first, prior to levee 
creation. The bench will be placed to just below the water line and will cover the area that may 
mudwave during the raising of the perimeter levee. Mudwaving at the toe of the bench is 
possible but would occur at a much lesser extent and the toe area would be covered with 
mudflow (dredged material that becomes part of the slurry) from the construction of the levee. 

Construction of Barge Access Channel 

Equipment barges that would support the construction operations of the MSC improvement can 
work in 6 feet of water, which is the deepest portion of Lavaca Bay outside of the navigation 
channels. These barges will be light loaded to access the work areas but in some areas within 
the bay where the water is shallower, barge flotation channels may be required to be 
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constructed to provide access to the placement areas. The construction of the access channels 
has the potential for disturbing mercury-impacted sediment 

As discussed, the concern over mercury-impacted sediments is limited to areas in the vicinity of 
Dredge Island within Lavaca Bay and Cox Bay. According to the RI performed in 1999, surficial 
mercury concentrations north of Lavaca Bay, Cox Bay and near Matagorda Bay have recovered 
to the point where surface concentrations of mercury range from 0.1 to 0.3 mg/kg (Alcoa, 1999). 
Recent data obtained from Alcoa's sampling program in 2005 show that sediments within 
placement area ER2 and ER3 still have residual surface and at-depth mercury concentrations 
above the RAO (Exhibit 7). The recent data show that placement area D was not impacted, 
with the exception of a few locations along the western shoreline of Dredge Island (Exhibit 7). 
However, barge access channels are not expected to be required in placement area D where 
residual mercury-impacted sediments exist. 

No current data exists for Cox Bay. As discussed, historical data indicate that at-depth mercury 
concentrations above the RAO of 0.5 mg/kg exist in Cox Bay (Exhibit 8). Historical water 
depths in Cox Bay taken during sampling efforts from the RI ranged from approximately 1 ft to 
approximately 8 ft. Recent probing results in the area indicate that water depth in Cox Bay is 
currently shallower (by approximately 1.5 ft) compared to historical water depths. Efforts will be 
made to avoid constructing barge access channels through areas in Cox Bay with known at
depth mercury-impacted sediments. 

4.2.2.2 Maintenance Material 

As discussed in Section 4.2.2.1, the conclusions from the studies performed on the 
maintenance material in the MSC do not restrict the dredging placement options available to this 
project. However, within CCND's facilities, pre-dredging sediment sampling will be performed to 
confirm that mercury, ethylene dichloride, or PAH levels will not adversely affect the placement 
areas. The Adaptive Sediment Management Framework discussed in Section 1.4.3 and shown 
on Exhibit 1 will be followed for decision-making with regard to sediment disposal or reuse. 

4.2.3 Biological Communities 

Dredging and dredged material placement would have a variety of direct and indirect effects on 
biological communities in the project area. Dredging will defaunate and permanently alter the 
benthic habitats located within the MSCIP site. Habitats affected by the proposed dredging 
activities include unvegetated 'bay bottom' and oyster reef. Table 3-9 provides the area of 
these habitats affected at the MSCIP site. Impacts to open bay bottom habitats would have a 
are expected to be temporary, as benthic communities are known to quickly re-colonize areas 
disturbed by dredging activities. However, shallow-water benthic communities will likely 
experience a measurable decrease in species diversity after the change in depth. A draft 
mitigation plan is provided separately. 

Potential indirect effects might include those related to increased TSS concentrations such as 
interference with the filter feeding of live oysters and sedimentation on oyster reefs. TSS 
concentrations generated by the hydraulic dredge are not expected to be much higher than 
background levels this far from the dredging operations. 
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In December 2005, NCS Subsea, Benchmark Ecological Services (BESI, 2006a), and PBS&J 
(PBS&J, 2006) delineated oyster reefs within the MSCIP and proposed dredged material 
placement areas. As the DMMP has gone through several iterations, and originally included a 
larger MSCIP site and more placement areas, the oyster reef delineation was performed over a 
more extensive area than what was required for this DMMP. Figure 3 shows the location of 
reefs identified and delineated during this study; Table 3-9 provides the area of oyster reef that 
would be impacted by the proposed project. A draft mitigation plan was prepared from 
coordination efforts between CCND appropriate resource agencies. 

4.2.3.2 Marsh Impacts 

Benchmark Ecological Services, Inc. (2006b) delineated and characterized coastal marshes on 
and around portions of Dredge Island in March 2006. Figure 20 shows the location of marshes 
delineated during this study; Table 3-9 provides the area of marsh that would be impacted by 
the proposed project. 

Dredge Island supports two sub-communities of coastal marsh: fringe marsh and high marsh. 
These communities are described below: 

• Marsh included mostly intertidal areas supporting near pure stands of smooth cordgrass 
(Spartina alterniflora) that sometimes transitioned to less frequently flooded zones 
populated primarily by saltgrass (Distichlis spicata), saltwort (Batis maritima), and 
annual glasswort (Salicornia bigelovii). 

• High marsh communities were found at higher elevations subject to infrequent tidal 
flooding and/or received runoff and groundwater flow from site levees and riprap areas. 
The density of vegetation in the high marshes of Dredge Island varied from moderate to 
sparse. These communities typically were dominated by following plant species: 
saltgrass, sea-ox-eye daisy (Borrichia frutescens), sea purslane (Sesuvium maritimum), 
annual glasswort, and less frequently with marsh elder (Iva frutescens) and saltmeadow 
cordgrass (Spartina patens). 

4.2.3.3 Open Bay Impacts 

Open bay bottom impacts were estimated based on the footprint of the proposed MSC 
improvements and associated placement areas. Table 3-9 provided the area of open-bay 
bottom that would be impacted or converted by the proposed project. 
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Final Draft - Dredged Material J\fanagement Plan 

SEDIMENT ANALYTICAL RESULTS FROM ALCOA, 2005 



Turning Basin and Matagorda Ship Channel Widening Sediment Study 

Table 1 - Sample Stations and Sediment Descriptions 
Sample Coordinates Water Depth of 

Station Sample Id Interval Easting I 

I 
Northing I Depth Date Time Core (cm) Comments/Descriptions 

(ft.) (ft. )2 

0-5cm brown silty sand 

LNGOOOl LNG-SE-08180 0-2 2751787.266 13426165.04 4.2 11/01/2005 13:46 40 
5-35cm brown clayey sand 
35-40cm orange brown clay 
Shell hash present in sample 

0-5cm brown sandy silt 

LNG-SE-08181 0-2 5- l 8cm brown black silty sand 
LNG0002 

LNG-SE-08182 2-4 
2751187.481 13425639.26 7.2 11/01/2005 14:01 77 18-57cm brown gray sandy silt 

57-77cm white orange clay 
Shell hash present in sample 

LNG0003 
LNG-SE-08183 0-2 

2750383.241 13425059.11 6.4 11/01/2005 14:21 98 
O- l 5cm brown silty sand 

LNG-SE-08184 2-4 15-98cm gray silty clay 
0-2cm brown sandy silt 

LNG0004 LNG-SE-08185 0-2 2749820.491 13424257.35 8.2 11/01/2005 14:42 35 2-2lcm gray silt 
21-35cm gray white clay 

LNG0005 LNG-SE-08188 0-2 27 493 80.310 13423395.294 8.3 11/02/2005 8:49 37 
O- l 4cm brown sandy silt 
14-37cm gray silty clay 

LNG-SE-08189 0-2 
0-14cm brown sandy silt 

LNG0006 
LNG-SE-08190 2-4 

2748892.326 13422308.528 7.7 11/02/2005 9:07 81 14-6lcm gray silt 
61-8lcm dark gray silty clay 
0-7 cm brown sandy silt 

LNG0007 LNG-SE-08191 0-2 2748896.715 13421466.660 6.8 11/02/2005 9:23 46 7 -40cm gray silt 
40-46cm dark gray silty clay 

LNG-SE-08192 0-2 
0-22cm brown sandy silt 

LNG0008 
LNG-SE-08193 2-4 

2748899.864 13420479.786 7.1 11/02/2005 9:35 130 22- l l 4cm gray silt 
114-13 Ocm dark gray silty clay 

LNG-SE-08194 0-2 
0-139cm gray silt 

LNG0009 LNG-SE-08195 2-4 2748908.469 13419459.832 6.9 11/02/2005 9:57 162 
LNG-SE-08196 4-6 

139-162cm dark gray silty clay 

LNG0010 
LNG-SE-08197 0-2 

2748899.369 13418471.402 7.8 11/02/2005 10:12 81 
0-4 7 cm gray silt 

LNG-SE-08198 2-4 47-8lcm dark gray silty clay 
0-9cm gray sandy silt 

LNGOOl l LNG-SE-08199 0-2 2748881.285 13417136.202 6.7 11/02/2005 11 :02 25 9-25cm gray silty clay 
Station on reef, moved station 650ft North 

1Coordinates reported in Nad 1983 Texas South Central Survey Feet 
2 Water depths are not related to ML T 
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Turning Basin and Matagorda Ship Channel Widening Sediment Study 

Table 1 (Continued)- Sample Stations and Sediment Descriptions 
Sample Coordinates Water Depth of 

Station Sample Id Interval Easting I Northing I Depth Date Time Core (cm) Comments/Descriptions 
(ft.) (ft. )2 

LNG-SE-08200 0-2 
0-83cm gray silty sand with shell 

LNG0012 
LNG-SE-08201 2-4 

2748868.066 13413410.853 7.0 11/02/2005 11:42 115 83-l 15cm dark gray silty clay 
Station on reef, moved station 1 OOOft South 
0-4cm brown silt 

LNG0013 LNG-SE-08202 0-2 2748879.483 13412463.333 9.5 11/03/2005 11 :30 71 4-66cm gray silt with shell hash 
66-71 cm gray silty clay 
0-4cm brown silt 

LNG-SE-08203 0-2 
4-11 7 cm gray silt with shell hash 

LNG0014 
LNG-SE-08204 2-4 

2748883.552 13410622.182 10.2 11/03/2005 11 :55 121 117-121 cm gray silty clay 
Station on reef, moved station 128ft North 
Strong H2S odor in LNg-SE-08203 

LNG-SE-08219 0-2 
0-5cm brown silt 

LNG0015 
LNG-SE-08220 2-4 

2749519.688 13424137.819 6.7 11/09/2005 10:12 97 5-34cm brown silty sand with shell hash 
34-97cm gray silt 
0-3cm brown silt 

LNG0016 LNG-SE-08218 0-2 2749547.784 13424657.191 5.5 11/09/2005 10:01 83 3-2lcm brown silty sand with shell 
21-83cm gray silt 

LNG-SE-08216 0-2 
0-5cm brown silt 

LNGOOl 7 
LNG-SE-08217 2-4 

2749480.553 13425141.040 5.0 11/09/2005 9:52 84 5-23cm brown silty sand with shell hash 
23-84cm brown gray silt 
0-11 cm fine brown silt 

LNG0018 LNG-SE-08215 0-2 2749545.763 13425632.977 8.5 11/09/2005 9:44 55 l l-32cm brown silty sand with shell hash 
32-55cm brown silt 
0-2cm brown silt 

LNG0020 
LNG-SE-08213 0-2 

2750294.358 13425644.415 3.0 11/09/2005 9:21 120 
2- l 8cm brown silty sand with shell hash 

LNG-SE-08214 2-4 l 8-l 12cm brown silt 
l 12-120cm brown gray silty clay 

LNG0021 
LNG-SE-08211 0-2 

2750290.348 13425281.111 6.3 11/09/2005 9:31 73 
0-5cm brown silt 

LNG-SE-08212 2-4 5-73cm brown gray silt 

LNG0023 LNG-SE-08210 0-2 2751021.907 13425888.714 3.1 11/09/2005 9:10 58 
0-1 Ocm brown silty sand with shell hash 
10-58cm brown gray silt 

1Coordinates reported in Nad 1983 Texas South Central Survey Feet 
2 Water depths are not related to ML T 
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Turning Basin and Matagorda Ship Channel Widening Sediment Study 

Table 1 (Continued)- Sample Stations and Sediment Descriptions 
Sample Coordinates Water Depth of 

Station Sample Id Interval Easting I Northing I Depth Date Time Core (cm) Comments/Descriptions 
(ft.) (ft. )2 

0-3cm brown silt 

LNG0024 
LNG-SE-08208 0-2 

2751431.139 13426127.140 3.1 11/09/2005 9:02 99 
3-17cm brown silty sand with shell hash 

LNG-SE-08209 2-4 1 7 -99cm brown gray silt 
Station on reef, moved station North 

LNG0025 
LNG-SE-08206 0-2 

2751786.289 13426411.312 2.0 11/09/2005 8:45 86 
0-82cm brown silty sand with shell hash 

LNG-SE-08207 2-4 82-86cm orange clay 

1Coordinates reported in Nad 1983 Texas South Central Survey Feet 
2 Water depths are not related to ML T 
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Turning Basin and Matagorda Ship Channel Widening Sediment Study 

Table 2- Total Mercury Analytical Results 
Total Hg 

Sample Sample (mg/kg) Dry Report Limit 
Sample Station Sample ID Date Time Matrix Interval (ft) Weight % Moisture (mg/kg) Flags 

LNGOOOl LNG-SE-08180 11/01/2005 13:46 Sediment 0.0 - 1.4 0.0142 28.2 0.0674 J2.3 

LNG0002 LNG-SE-08181 11/01/2005 14:01 Sediment 0.0 - 2.0 0.0206 30.6 0.0674 ]2,3 

LNG0002 LNG-SE-08182 11/01/2005 14:01 Sediment 2.0 - 2.5 0.0083 25.5 0.0639 J2,3 

LNG0003 LNG-SE-08183 11/0 li2005 14:21 Sediment 0.0 - 2.0 0.1210 36.7 0.0741 J2 

LNG0003 LNG-SE-08184 11/01/2005 14:21 Sediment 2.0 - 3.2 0.0140 42.0 0.0772 J2·3 

LNG0004 LNG-SE-08185 11/01/2005 14:42 Sediment 0.0 - 1.1 0.0086 29.7 0.0677 J2,3 

LNG0005 LNG-SE-08188 11/02/2005 8:49 Sediment 0.0 - 1.2 0.0399 32.6 0.0706 J2·3 

LNG0006 LNG-SE-08189 11/02/2005 9:07 Sediment 0.0 - 2.0 0.0982 43.4 0.0841 J2 

LNG0006 LNG-SE-08190 11/02/2005 9:07 Sediment 2.0 - 2.7 0.0057 30.3 0.0662 ]2,3 

LNG0007 LNG-SE-08191 11/02/2005 9:23 Sediment 0.0 - 1.5 0.0883 47.3 0.0933 J2,3 

LNG0008 LNG-SE-08192 11/02/2005 9:35 Sediment 0.0 - 2.0 0.1650 48.8 0.0945 J2 

LNG0008 LNG-SE-08193 11/02/2005 9:35 Sediment 2.0 - 4.3 0.0052 32.7 0.0743 J2·3 

LNG0009 LNG-SE-08194 11/02/2005 9:57 Sediment 0.0 - 2.0 0.215 55.4 0.1080 J2 
LNG0009 LNG-SE-08195 11/02/2005 9:57 Sediment 2.0 - 4.0 0.0090 33.3 0.0725 J2,3 

LNG0009 LNG-SE-08196 11/02/2005 9:57 Sediment 4.0 - 5.3 0.0042 27.5 0.0627 J2·3 

LNGOOlO LNG-SE-08197 11/02/2005 10:12 Sediment 0.0 - 2.0 0.109 49.6 0.0976 J2 

LNGOOlO LNG-SE-08198 11/02/2005 10:12 Sediment 2.0 - 2.7 0.0024 27.9 0.0694 J2,3 

LNGOOll LNG-SE-08199 11/02/2005 11 :02 Sediment 0.0 - 0.8 0.0709 36.4 0.0761 J2,3 

LNG0012 LNG-SE-08200 11/02/2005 11:42 Sediment 0.0 - 2.0 0.147 53.3 0.0959 J2 

LNG0012 LNG-SE-082004 11/02/2005 11:42 Sediment 0.0 - 2.0 0.118 53.7 0.1060 J2 
LNG0012 LNG-SE-0820 l 11/02/2005 11 :42 Sediment 2.0 - 3.8 0.0197 51.9 0.1040 J2,3 

LNG0013 LNG-SE-08202 11/03/2005 11 :30 Sediment 0.0 - 2.3 0.175 55.4 0.1050 J2 

LNG0014 LNG-SE-08203 11/03/2005 11 :55 Sediment 0.0 - 2.0 0.324 57.9 0.1130 Jl 

LNG0014 LNG-SE-082034 11/03/2005 11 :55 Sediment 0.0 - 2.0 0.223 56.6 0.1150 Jl 

LNG0014 LNG-SE-08204 11/03/2005 11 :55 Sediment 2.0 - 4.0 0.0183 46.7 0.0922 J3 

LNG0025 LNG-SE-08206 11/09/2005 08:45 Sediment 0.0 - 2.0 0.0404 18.9 0.0560 J3 
LNG0025 LNG-SE-08207 11/09/2005 08:45 Sediment 2.0 - 2.8 0.0319 20.2 0.0627 J3 
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Turning Basin and Matagorda Ship Channel Widening Sediment Study 

Table 2- Total Mercury Analytical Results 

Total Hg 
Sample Sample (ug/kg) Dry Report Limit 

Sample Station Sample JD Date Time Matrix Interval (ft) Weight % Moisture (ug/kg) Flags 

LNG0024 LNG-SE-08208 11/09/2005 09:02 Sediment 0.0 - 2.0 0.0525 33.0 0.0688 J3 
LNG0024 LNG-SE-08209 11/09/2005 09:02 Sediment 2.0 - 3.2 0.0209 30.7 0.0677 U,J3 

LNG0023 LNG-SE-08210 11/09/2005 09:10 Sediment 0.0 - 1.9 0.0487 42.2 0.0838 J3 

LNG0021 LNG-SE-08211 11/09/2005 09:31 Sediment 0.0 - 2.0 0.0658 34.2 0.0724 J3 
LNG0021 LNG-SE-08212 11/09/2005 09:31 Sediment 2.0 - 2.4 0.0136 24.8 0.0643 u/ 
LNG0020 LNG-SE-08213 11/09/2005 09:21 Sediment 0.0 - 2.0 0.0571 35.5 0.0750 J3 

LNG0020 LNG-SE-08213 11/09/2005 09:21 Sediment 2.0 - 3.9 0.0164 38.6 0.0801 J3 

LNG0018 LNG-SE-08214 11/09/2005 09:44 Sediment 0.0 - 1.8 0.543 32.2 0.0726 u 
LNGOOl 7 LNG-SE-08216 11/09/2005 09:52 Sediment 0.0 - 2.0 0.0550 33.0 0.0746 J3 
LNGOOl 7 LNG-SE-08217 11/09/2005 09:52 Sediment 2.0 - 2.8 0.0205 35.1 0.0734 J3 
LNG0016 LNG-SE-08218 11/09/2005 10:01 Sediment 0.0-2.7 0.502 38.5 0.0762 
LNG0015 LNG-SE-08219 11/09/2005 10:12 Sediment 0.0 - 2.0 0.260 46.9 0.0856 

LNG0015 LNG-SE-08220 11/09/2005 10:12 Sediment 2.0 - 3.2 0.0378 33.8 0.0686 J3 

J1 - Serial Dilution% Difference for Batch Was >10% (16%) 

J2 - Field Duplicate RPD >20% 

J3 - Analyte detected below Report Limit 
U - Associated blank contained mercury 
4 - Duplicate Sample 
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Calhoun County Navigation District 
Final Draft - Dredged Material J\fanagement Plan 
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COST ESTIMATES 
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Date: 

To: 

From: 

Subject: 

October 31, 2006 

Mark Mazoch P.E., URS Corporation 

Sagi Koborsi 

Matagorda Ship Channel Improvement Project 
Cost Estimate Basis and Assumptions 

A. General 
• No engineering or construction management costs are included in the 

estimates. They should be approximately the same for all the alternatives. 
• No associated costs were included because they were included because 

they would be the same for all the alternatives 

B. Upland Confined Placement Plan 
• Cost for Land Acquisition: $3000/acre 
• Total Acres: 3,360 
• Dredging costs alone are significantly higher than other options. Thus, 

estimate did not include related costs of levee construction or dredge 
pipelines. 

C. Gulf Unconfined Placement Plan 
• Costs were based on type of material to be dredged (sand, soft clay, or stiff 

clay), equipment, and distance to offshore placement area. A clamshell 
supported with dump scowl was used for the soft clay, while a hopper 
dredge was used for the remainder of the material. 

D. Muli-use Placement Plans 
• Mobilization, dredge pipeline, and environmental protection cost we 

assumed to be equivalent for all the projects because they are similar in 
nature. 
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Matagorda Ship Channel Improvement Project 
New Work Costs for Upland and Offshore Alternative 

Upland Costs Costs 

Land Acquisition 
Cost/Acre $3,000 
Acres 3360 

Subtotal $10,080,000 

Dredging 
Quantity (CY) 46,500,000 
Average Dredging Cost $ 6.38 

Subtotal $ 296,515,532.00 

Total $ 306,595,532.00 

Offshore Costs Costs 
Sand 
Quantity (CY) 16,900,000 
Average Dredging Cost $ 3.20 

Subtotal $ 54, 117 ,672.34 

Stiff Clay 
Quantity (CY) 10,000,000 
Average Dredging Cost $ 16.12 

Subtotal $ 161, 164,285. 71 

Soft Clay 
Quantity (CY) 19,600,000 
Average Dredging Cost $ 5.01 

Subtotal $ 98, 190,000.00 

Total $313,471,958.05 
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MSCIP -Alternative 1A Summary 
Placement Area Cost 

A1 $21, 148,589 
A2 $29,597,154 

BN1, BN2, BN3 $12,386,880 
C2 
D $11,466,234 

ER1 $3,277,372 
ER2 $10,016,781 
ER3 $13,723,362 

G w/Levee $30,645,755 
H4 Habitat Area 

H2 $35,804,024 
H4 $63,602,694 
05 $8,040,000 

OR1 and OR2 $9,652,330 
P1 $7,011,746 

Subtotal $256,372,923 

Other Related Costs 
Mob & Demob $3,000,000 

Oyster Mitigation see OR1, OR2 & ER1 
Pipelines $1,200,000 

Environmental Protection $500,000 
Subtotal $4,700,000 

Total $261,072,923 
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...... F>.ieelines .................................................................. 6Q,OOQOO LF ........... $0 .............. $0 ................. $0 ...... $1,2QO,OQO 

3 

Environmental Protection 1.00 

Mob & Demob 1.00 
SUBTOTAL 

OYSTER REEF AREA 

Dredging for Oyster Fill 971,000.00 

Gravel 124,759 
SUBTOTAL OYSTER 

"A1" AREA 

Dredging for Marsh Fill 0.00 

LS 

LS 

---------------- --------va-aes-p-er~reacti ___ _ 
CY $4,661,970 

$40.00 
TON $4,990,360 

CY 
Varies per reach 

$0 ------------------------------------------------------------------------------------ -------------------------------------- ---------------- --------va-aes-p-er~reacti ___ _ 
Dredging for Upland Fill 1,260,000.00 CY $3,200,400 

Varies per reach 
3 Dredging for Exterior Levee Construction 2,000,000.00 CY $10, 160,000 

$4.74 
4 Mechanical Levee Construction 0.00 CY $0 ---------------- ------------------------------------------------------------------------------------ ·------------------------------------- ---------------- -------------··sr'iii"1o··· 

5 Hydraulically Constructed Exterior Levees 19,504 LF $2,908,046 
$60.00 

Stone Shore Protection 76,240.94 TONS $4,574,457 
$200.00 

7 Seeding 23.00 ACRE $4,600 
$150))4300 

8 Drop Outlet Structures 2.00 EA $301,086 
SUBTOTAL "A1" 

"A2" AREA 

Dredging for Marsh Fill 

Dredging for Upland Fill 

1,461,000.00 

3,999,000.00 

CY 

CY 

Varies per reach 
$6,062,340 

Varies per reach 
$11.875, 790 ------------------------------------------------------------------------------------ -------------------------------------- ---------------- --------va-aes-p-er~reacti ___ _ 

3 Dredging for Exterior Levee Construction 800,000.00 CY $4,328,000 
$149.10 

4 Hydraulically Constructed Exterior Levees 26,002 LF $3,876,898 
$60.00 

5 Stone Shore Protection 47.460.66 TONS $2,847,640 
. $200 

Seeding 27.00 ACRE $5,400 
$5,000.00 

7 Planting (Marsh) 60.00 ACRE $300,000 
$150,543.00 

8 Drop Outlet Structures 2.00 EA $301.086 
SUBTOTAL "A2" 

"ER1"AREA ---------------- --------va-aes-p-er~reacti ___ _ 
Dredging for Oyster Fill 300,000.00 CY $1,260,000 

$40 
7 Gravel 50,434.31 TON $2,017,372 

SUBTOTAL "ER1" 
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$0 .............. $0 ................ JO ...... $50Q,OOQ 

$0 $0 $0 $3,000,000 
$4,700,000 

$0 $0 $0 $4,661,970 

$0 $0 $0 $4,990,360 
$9,652,330 

$0 $0 $0 $0 
-------------- ---------------------- ---------------- ------ -----------------------

$0 $0 $0 $3,200,400 

$0 $0 $0 $10,160,000 

$0 $0 $0 $0 
-------------- ---------------------- ---------------- ------ -----------------------

$0 $0 $0 $2,908,046 

$0 $0 $0 $4,574,457 

$0 $0 $0 $4,600 
-------------- ---------------------- ---------------- ------

$0 $0 $0 $301.086 
$21,148,589 

$0 $0 $0 $6,062,340 

$0 $0 $0 $11,875,790 
-------------- ---------------------- ---------------- ------

$0 $0 $0 $4,328,000 

$0 $0 $0 $3,876,898 

$0 $0 $0 $2,847,640 
-------------- ---------------------- ---------------- ------

$0 $0 $0 $5,400 

$0 $0 $0 $300,000 

$0 $0 $0 $301,086 
$29,597, 154 

$0 $0 $0 $1,260,000 

$0 $0 $0 $2,017,372 
$3,277,372 



3 

4 

5 

7 

8 

"ER2" AREA 

Dredging for Marsh Fill 0.00 

Dredging for Upland Fill 1,000,000.00 

CY 

CY 

Varies per reach 
0 

Varies per reach 
$2,820,000 ------------------------------------------------------------------------------------ -------------------------------------- ---------------- --------va-aes-p-er~reacti ___ _ 

Dredging for Exterior Levee Construction 1,063,000.00 CY $5,091,770 
$149.10 

Hydraulically Constructed Exterior Levees 8,618 LF $1,284,944 
$60.00 

Stone Shore Protection 10.242.08 TONS $614.525 
. $20000 

Seeding 20.00 ACRE $4,000 
$5,000.00 

Planting (Marsh) 10.20 ACRE $51,000 
$150,543.00 

Drop Outlet Structures 1.00 EA $150.543 
SUBTOTAL "ER2" 

"ER3" AREA 

Dredging for Marsh Fill 400,000.00 

Dredging for Upland Fill 926,000.00 

---------------- --------va-aes-p-er~reacti ___ _ 
CY $2,032,000 

CY 
Varies per reach 

$2,352,040 
Varies per reach 

3 ..... Dred!l_ingforExteriorLeveec:_onsiruction ......... 1,200,0QOOQ CY $3,497, 160 
... $14910 

4 Hydraulically Constructed Exterior Levees 12,511 

5 Bulkhead 4,000.00 

Stone Shore Protection 24.033.10 

7 Seeding 11.00 

8 Planting (Marsh) 46.30 

9 Drop Outlet Structures 2.00 
SUBTOTAL "ER3" 

"D"AREA 

Dredging for Marsh Fill 0.00 

Dredging for Upland Fill 1, 116,000.00 

LF $1,865,390 
$500.00 

LF $2,000,000.00 
$60.00 

TONS $1,441,986 
. $20000 

ACRE $2,200 
$5,000.00 

ACRE $231,500 
$150,543.00 

EA $301.086 

CY 

CY 

Varies per reach 
$0 

Varies per reach 
$2,979,720 

Varies per reach 
3 ..... Dred!l_ingforExteriorLeveec:_onsiruction 700.000.00 CY $4,053,000 

... $14910 
4 Hydraulically Constructed Exterior Levees 6,967 LF $1,038,780 

$60.00 
5 Stone Shore Protection 50,357.48 TONS $3,021,449 

$200.00 
Seeding 6.00 ACRE $1,200 

s5:aoooo 
7 Planting (Marsh) 14.20 ACRE $71,000 

$150,543.00 
8 Drop Outlet Structures 2.00 EA $301,086 

SUBTOTAL "D" 

"P1" Area 
Varies per reach 

...... Dred!l_ingforUpland_F'ill ........................................ 1,082,0QOOQ CY $3,383,310 
... s-:£000015 

Land Acquisition 700.00 ACRE $2, 100,000.00 
$4.00 

3 Mechanical Levee Construction (Inland) 300,000 CY $1,200,000 
$150,543.00 

4 ..... Drop()utletStructures 2.00 EA $301.086 
.... $656 

5 Ditch Drainage Improvements 19,500.00 LF $9,750 
$200.00 

Seeding 88.00 ACRE $17,600.00 
SUBTOTAL "P1" 

TOTAL "LAVACA BAY" 
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$0 $0 $0 $0 2000000 

$0 $0 $0 $2,820,000 
-------------- ---------------------- ---------------- ------

$0 $0 $0 $5,091,770 

$0 $0 $0 $1,284,944 

$0 .............. $0 ................ JO ...... $614,525 

$0 $0 $0 $4,000 

$0 $0 $0 $51,000 

$0 $0 $0 $150,543 
$10,016,781 

$0 $0 $0 $2,032,000 

$0 $0 $0 $2,352,040 

$0 .............. $0 ................ JO ...... $3,497,160 

$0 $0 $0 $1,865,390 

$2,000,000 

$0 .............. $0 ................ JO ...... $1,441,986 

$0 $0 $0 $2,200 

$0 $0 $0 $231,500 

$0 $0 $0 $301,086 
$13,723,362 

$0 $0 $0 $0 

$0 $0 $0 $2,979,720 

$0 .............. $0 ................ JO ...... $4,053,000 

$0 $0 $0 $1,038,780 

$0 $0 $0 $3,021,449 

$0 .............. $0 ................ JO ...... $1,200 

$0 $0 $0 $71,000 

$0 $0 $0 $301.086 
$11,466,234 

$0 .............. $0 ................ JO ...... $3,383,310 

$0 $0 $0 $2,100,000 

$0 $0 $0 $1,200,000 

$0 $0 $0 $301,086 
-------------- ---------------------- ----------------

$0 $0 $0 $9,750 

$0 $0 $0 $17,600 
$7,011,746 

$105,893,569 



Beach Nourishment "BN1, BN2, BN3" 

1 Dredging for Beach Nourishment 1,884,000.00 

2 Grading and Shaping 1,884,000.00 

3 Rock Groins 6,000.00 
SUBTOTAL "BN" 

"G" Area 

Dredging for Marsh Fill 0.00 

Dredging for Upland Fill 2,376,000.00 

3 ..... IJredgingforExteriorLevee(;onstruction ........ 2,182,00000 

4 Hydraulically Constructed Exterior Levees 18,821 

5 Mechanical Levee Construction 0.00 

Stone Shore Protection .................................................. 5_7,82_4,oo .. . 

7 Planting (Marsh) 160.00 

8 Drop Outlet Structures 2.00 
SUBTOTAL "G" 

G Levee 

Mechanical Levee Construction .................................. 4_1_3,0_0_o,oo .. . 

Stone Shore Protection 69,388.80 
SUBTOTAL "G-BN" 

"H2" Area 

Dredging for Marsh Fill 0.00 

...... 1JredgingforUelandF1ll ....................................... 2,804,00000 

3 Dredging for Exterior Levee Construction 1,338,000.00 

4 Hydraulically Constructed Exterior Levees 22,320 

5 Mechanical Levee Construction ................................. 1_.80_0_,00_0_,oo .. . 

Stone Shore Protection 110,372.00 

7 Seeding 20.00 

8 Drop Outlet Structures 4.00 
SUBTOTAL "H" 

"H4" Area 

Dredging for Sand Platform 2,559,000.00 

Dredging for Upland Fill 5,963,000.00 

3 ..... IJredgingforExteriorLevee(;onstruction ........ 6,140,52600 

4 Hydraulically Constructed Exterior Levees 24,381 

5 Mechanical Levee Construction 300,000.00 

Stone Shore Protection .................................................. 9_G,35_Q,OO .. . 

7 Seeding 59.00 

8 Rock Groins and Breakwaters 6,000.00 

9 Drop Outlet Structures 4.00 
SUBTOTAL "H" 

TOTAL "MATAGORDA BAY" 

TOTAL "OFFSHORE" 

ED_013073_00000045-00134 

--------------- ---------var1es-per-re-ac11 ___ 
CY $6,875,880 

$1.00 
CY $1,884,000 

$604.50 
LF $3,627,000 

--------------- ---------var1es-per-re-ac11 __ _ 
CY $0 

CY 
Varies per reach 

$7,024, 180 
Varies per reach 

$0 $0 $0 $6,875,880 

$0 $0 $0 $1,884,000 

$0 $0 $0 $3,627,000 
$12,386,880 

$0 $0 $0 $0 

$0 $0 $0 $7,024, 180 

CY $10, 123,890 .......... $0 $0 $0 ...... $10,123,890 
··· si49io 

LF 

CY 

$2,806,211 
$4.74 

$0 
$6000 

$0 $0 $0 $2,806,211 

$0 $0 $0 $0 

TONS $3,469,440 ........... $0 .............. $0 ................. $0 ...... $3,469,440 $5,ooo.oo 
$800,000 ACRE 

EA 
$150,543.00 

$301.086 

$4.74 

$0 

$0 

$0 $0 $800,000 

$0 $0 $301,086 
$24,524,807 

CY $1,957,620 ........... $0 .............. $0 ................. $0 ...... $1,957,620 ... $60.00 
TONS $4, 163,328 

CY 
Varies per reach 

$0 
Varies per reach 

$0 

$0 

$0 $0 $4,163,328 
$6,120,948 

$0 $0 $0 

CY ... $7,122,160 ........... $0 .............. $0 ................. $0 ...... $7,122,160 
Varies per reach 

CY $9,593,460 $0 $0 $0 $9,593,460 
$149.10 

LF $3,327,912 $0 $0 $0 $3,327,912 
$4.74 

CY $8,532,000 ........... $0 .............. $0 ................. $0 ...... $8,532,0QO ... $60.00 
TONS $6.622,320.00 $0 $0 

$200.00 
ACRE $4,000 $0 $0 

$150,543.00 
EA $602, 172 $0 $0 

--------------- ---------var1es-per-re-ac11 __ _ 
CY $7,421,100 

CY 
Varies per reach 

$13,317,500 
Varies per reach 

$0 $0 

$0 $0 

$0 $6,622,320 

$0 $4,000 

$0 $602.172 
$35,804,024 

$0 $7,421,100 

$0 $13,317,500 

CY $28, 7 49,415 ......... $0 $0 $0 ...... $28,749,415 
··· si49io 

LF 

CY 

TONS 

ACRE 

LF 

EA 

$3,635,207 
$4.74 

$1,422,000 
$6000 

$0 

$0 

$0 $0 $3,635,207 

$0 $0 $1,422,000 

$5,421,000 ........... $0 $0 $0 ...... $5,421,0QO 
s20000 
$11,800 
$503.75 

$3,022,500 
$150,543.00 

$602, 172 

$0 

$0 

$0 

$0 $0 

$0 $0 

$0 $0 

$11,800 

$3,022,500 

$602.172 
$63,602,694 

$142,439,354 



MSCIP - Alternative 1 B Summary 
Placement Area Cost 

A1 $21, 148,589 
A2 $29,597,154 

BN1, BN2, BN3 $12,386,880 
C2 $27,717,352 
D $11,466,234 

ER1 $3,277,372 
ER2 $10,016,781 
ER3 $13,723,362 

G w/Levee $30,645,755 
H4 Habitat Area 

H2 $35,804,024 
H4 $63,602,694 
05 $8,040,000 

OR1 and OR2 
P1 

Subtotal $267,426,199 

Other Related Costs 
Mob & Demob $3,000,000 

Oyster Mitigation $16,640,000 
Pipelines $1,200,000 

Environmental Protection $500,000 
Subtotal $21,340,000 

Total $288, 766, 199 
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$20 00 

...... F>.1eel1nes .................................................................. 6Q,OOQOO LF $1,200,000 ........... $0 .............. $0 ................. $0 ...... $1,200,000 ---- o5o 
$500,000 00 

Environmental Protection 1.00 LS $500.000 $0 ................................ $0 ................ ______ JO ................... $_500,_0QO __ _ $7foao:aaooo 
3 Mob & Demob 1.00 LS $3,000,000 $0 $0 $0 $3,000.000 

$80,000 
4 Oyster M1t1gat1on 208.00 acres $16,640,000 $0 $0 $0 $16,640,000 

SUBTOTAL $21,340,000 

OYSTER REEF AREA 

Dredging for Oyster Fill 0.00 

Gravel 
SUBTOTAL OYSTER 

"A1" AREA 

...... [)redg1ngfor~arsh!=1ll 0.00 

Dredging for Upland Fill 1,260,000.00 

3 Dredging for Exterior Levee Construction 2,000,000.00 

4 Mechanical Levee Construction 0.00 

5 Hydraulically Constructed Exterior Levees 19,504 

Stone Shore Protection 76,240.94 

7 ..... §_eed1ng 23.00 

8 Drop Outlet Structures 2.00 
SUBTOTAL "A1" 

"A2" AREA 

Dredging for Marsh Fill 1,461,000.00 

...... [)redg1ngforUelandF1ll ....................................... 3,999,00000 

3 Dredging for Exterior Levee Construction 800,000.00 

4 Hydraulically Constructed Exterior Levees 26,002 

5 Stone Shore Protection ........................................ __________ 4_7,46Q,66 ___ _ 

Seeding 27.00 

7 Planting (Marsh) 60.00 

8 Drop Outlet Structures 2.00 
SUBTOTAL "A2" 

"ER1"AREA 

Dredging for Oyster Fill 300,000.00 

7 Gravel 50,434.31 
SUBTOTAL "ER1" 
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--------------- ---------var1es-per-re-ac11 __ _ 
CY $0 $0 $0 $0 

$40 00 
TON $0 $0 $0 $0 

Varies per reach 
CY $0 $0 $0 $0 

---------------------------- ------------------------------------

CY 

CY 

CY 

LF 

TONS 

ACRE 

EA 

CY 

Varies per reach 
$3,200,400 

Varies per reach 
$0 

$10, 160,000 $0 
$4 74 

$0 $0 

$0 $0 

$0 $0 $0 $0 
------------------------------------

$14910 
$2,908,046 $0 $0 $0 

$60 00 
$4,574,457 $0 $0 $0 

$200 00 
$4,600 $0 $0 $0 ------------$T5i5:5-;f3 oo -------------- ----------------------

$301.086 $0 $0 $0 

Varies per reach 
$6,062,340 

Varies per reach 
$0 $0 $0 

$0 

$0 
$0 

$0 

$3,200,400 

$10,160,000 

$0 

$2,908,046 

$4,574,457 

$4.600 

$301,086 
$21,148,589 

$6,062,340 

CY ___ $11,875,790 .......... $0 .............. $0 ................. $0 ...... $11,875,790 
Varies per reach 

CY $4,328,000 $0 $0 $0 $4,328,000 
$14910 

LF $3,876,898 $0 $0 $0 $3,876,898 
$60 00 

TONS $2,847,640 ........... $0 .............. $0 ................. $0 ...... $2,847,640 
s200 

ACRE $5,400 $0 $0 $0 $5,400 
$5,000 00 

ACRE $300,000 $0 $0 $0 $300,000 
$150,543 00 

EA $301,086 $0 $0 $0 $301,086 
$29,597, 154 

--------------- ---------var1es-per-re-ac11 __ _ 
CY $1,260,000 $0 $0 $0 $1,260,000 

$40 
TON $2,017,372 $0 $0 $0 $2,017,372 

$3,277,372 



"ER2" AREA 

Dredging for Marsh Fill 0.00 

Dredging for Upland Fill 1,000,000.00 

3 _____ l)redgingforExteriorlevee(;onstruction ........ 1,063,00000 

4 Hydraulically Constructed Exterior Levees 8,618 

5 Stone Shore Protection 10,242.08 

...... §_eeding 20.00 

7 Planting (Marsh) 10.20 

8 Drop Outlet Structures 1.00 
SUBTOTAL "ER2" 

"ER3" AREA 

______ l)redgingfor~arshj=ill ......................................... 400,00QOO 

Dredging for Upland Fill 926,000.00 

3 Dredging for Exterior Levee Construction 1,200,000.00 

4 ______ l:lydraulicallyConstructedExteriorlevees ...... 12,511 

5 Bulkhead 4,000.00 

Stone Shore Protection 24,033.10 

7 ..... §_eeding 11.00 

8 Planting (Marsh) 46.30 

9 Drop Outlet Structures 2.00 
SUBTOTAL "ER3" 

"D"AREA 

______ l)redgingfor~arshj=ill 0.00 

Dredging for Upland Fill 1, 116,000.00 

3 Dredging for Exterior Levee Construction 700,000.00 

4 ______ l:lydraulicallyConstructedExteriorlevees ...... 6,967 

5 Stone Shore Protection 50,357.48 

Seeding 6.00 

7 ..... F'_lantin!l_J~arsh) 14.20 

8 Drop Outlet Structures 2.00 
SUBTOTAL "D" 

"C2" Area 

Dredging for Upland Fill 1,082,000.00 

______ l)redgingforExteriorlevee(;onstruction ........ 971,00QOO 

3 Hydraulically Constructed Exterior Levees 

4 Stone Shore Protection 

5 Mechanical Levee Construction 

Drop Outlet Structures 

7 Seediing 
SUBTOTAL "C2" 

TOTAL "LAVACA BAY" 
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25,584 

2,000,00000 

2.00 

44.00 

--------------- ---------var1es-per-re-ac11 __ _ 
CY 0 

CY 
Varies per reach 

$2,820,000 
Varies per reach 

$0 $0 $0 $0 

$2,820,000 

CY $5,091,770 ........... $0 $0 $0 ...... $5,Q9LJ70 ··· si49io 
LF 

TONS 

ACRE 

ACRE 

EA 

$1,284,944 
$60.00 

$614,525 
$200.00 

$0 $0 $0 

$0 $0 $0 

$4,000 $0 $0 $0 $5,000.06 ........................................................................................ . 

$51,000 $0 
$150,543.00 

$150.543 

Varies per reach 

$0 

$0 $0 

$0 $0 

$1,284,944 

$614,525 

$4.000 

$51,000 

$150,543 
$10,016,781 

CY ___ $2,032,000 ........... $0 .............. $0 ................. $0 ...... $2,Q32,000 

CY 
Varies per reach 

$2,352,040 
Varies per reach 

$0 

CY $3,497, 160 $0 
$149.10 

$0 $0 

$0 $0 

LF $1,865,390 $0 $0 $0 .... $50000 ................................................................................................... . 

LF $2,000,000.00 
$60.00 

TONS $1,441,986 $0 $0 $0 
$200.00 

ACRE $2,200 $0 $0 $0 $5,000.06 ........................................................................................ . 

ACRE $231,500 $0 $0 $0 
$150,543.00 

EA $301.086 $0 $0 $0 

Varies per reach 
CY $0 $0 $0 $0 

CY 

CY 

---------------------------- ------------------- -------------------- ------------------------------------ ---------------------------------

Varies per reach 
$2,979,720 

Varies per reach 
$4,053,000 

$149.10 

$0 

$0 

$0 $0 

$0 $0 

$2,352,040 

$3,497, 160 

$1,865.390 

$2,000,000 

$1,441,986 

$2.200 

$231,500 

$301,086 
$13,723,362 

$0 

$2,979,720 

$4,053,000 

LF $1,038, 780 ........... $0 .............. $0 ................. $0 ...... $1,Q38,780 .... $60.00 
TONS $3,021,449 

ACRE 
$200.00 
$1,200 

$5,000.00 

$0 

$0 

$0 $0 $3,021,449 

$0 $0 $1,200 

ACRE $i~~:5~%ooo $0 .............. $0 ................. $0 ...... $71,000 

EA 

CY 

ACRE 

CY 

EA 

CY 

ACRE 

ACRE 

$301,086 $0 

Varies per reach 
$3,383,310 

Varies per reach 
$0 

$0 

$0 

$0 $301,086 
$11,466,234 

$0 $3,383,310 

$5,244,090.00 ........ $0 .............. $0 ................. $0 ...... $5,244,090 
si49io 

$3,814,574 
$60.00 

$5,494,292 
$4.74 

$9,480,000 
$150,543.00 
$301,086.00 

$200.00 
$8,800.00 

$0 $0 $0 

$0 $0 $0 

$0 $0 $0 
------------------------------------ ---------------------------------

$0 $0 $0 

$0 $0 $0 

$3,814,574 

$5,494,292 

$9,480.000 

$301,086 

$8,800 
$27,717,352 

$116,946,845 

2000000 

I 



Beach Nourishment "BN1, BN2, BN3" 

1 Dredging for Beach Nourishment 1,884,000.00 

2 Grading and Shaping 1,884,000.00 

3 Rock Groins 6,000.00 
SUBTOTAL "BN" 

"G" Area 

Dredging for Upland Fill 0.00 

Dredging for Marsh Fill 2,376,000.00 

3 ..... IJredgingforExteriorLevee(;onstruction ........ 2,182,00000 

4 Hydraulically Constructed Exterior Levees 18,821 

5 Mechanical Levee Construction 0.00 

Stone Shore Protection .................................................. 5_7,82_4,00 .. . 

7 Planting (Marsh) 160.00 

8 Drop Outlet Structures 2.00 
SUBTOTAL "G" 

G Levee 

Mechanical Levee Construction .................................. 4_1_3,0_0_o,oo .. . 

Stone Shore Protection 69,388.80 
SUBTOTAL "G-BN" 

"H2" Area 

Dredging for Marsh Fill 0.00 

...... 1JredgingforUelandF1ll ....................................... 2,804,00000 

3 Dredging for Exterior Levee Construction 1,338,000.00 

4 Hydraulically Constructed Exterior Levees 22,320 

5 Mechanical Levee Construction ................................. 1_.80_0_,00_0_,oo .. . 

Stone Shore Protection 110,372.00 

7 Seeding 20.00 

8 Drop Outlet Structures 4.00 
SUBTOTAL "H" 

"H4" Area 

Dredging for Sand Platform 2,559,000.00 

Dredging for Upland Fill 5,963,000.00 

3 ..... IJredgingforExteriorLevee(;onstruction ........ 6,140,52600 

4 Hydraulically Constructed Exterior Levees 24,381 

5 Mechanical Levee Construction 300,000.00 

Stone Shore Protection .................................................. 9_G,35_Q,OO .. . 

7 Seeding 59.00 

8 Rock Groins and Breakwaters 6,000.00 

9 Drop Outlet Structures 4.00 
SUBTOTAL "H" 

TOTAL "MATAGORDA BAY" 

TOTAL "OFFSHORE" 
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--------------- ---------var1es-per-re-ac11 ___ 
CY $6,875,880 

$1.00 
CY $1,884,000 

$604.50 
LF $3,627,000 

--------------- ---------var1es-per-re-ac11 __ _ 
CY $0 

CY 
Varies per reach 

$7,024, 180 
Varies per reach 

$0 $0 $0 $6,875,880 

$0 $0 $0 $1,884,000 

$0 $0 $0 $3,627.000 
$12,386,880 

$0 $0 $0 $0 

$0 $0 $0 $7,024, 180 

CY $10, 123,890 .......... $0 .............. $0 ................. $0 ...... $10,123,890 
··· si49io 

LF 

CY 

$2,806,211 
$4.74 

$0 
$6000 

$0 $0 $0 $2,806,211 

$0 $0 $0 $0 

TONS $3,469,440 ........... $0 .............. $0 ................. $0 ...... $3,469,440 $5,ooo.oo 
$800,000 ACRE 

EA 
$150,543.00 

$301.086 

$4.74 

$0 

$0 

$0 $0 $800,000 

$0 $0 $301,086 
$24,524,807 

CY $1,957,620 ........... $0 .............. $0 ................. $0 ...... $1,957,620 ... $60.00 
TONS $4, 163,328 

CY 
Varies per reach 

$0 
Varies per reach 

$0 

$0 

$0 $0 $4,163,328 
$6,120,948 

$0 $0 $0 

CY ... $7,122,160 ........... $0 .............. $0 ................. $0 ...... $7,122,160 

CY 

LF 

Varies per reach 
$9,593,460 

$149.10 
$3,327,912 

$4.74 

$0 $0 $0 $9,593,460 

$0 $0 $0 $3,327,912 

CY $8,532,000 ........... $0 .............. $0 ................. $0 ...... $8,532,000 ... $6000 
TONS $6.622,320.00 

ACRE 

EA 

$200.00 
$4,000 

$150,543.00 
$602, 172 

--------------- ---------var1es-per-re-ac11 __ _ 
CY $7,421,100 

CY 
Varies per reach 

$13,317,500 
Varies per reach 

$0 $0 $0 $6,622,320 

$0 $0 $0 $4,000 

$0 $0 $0 $602, 172 
$35,804,024 

$0 $0 $0 $7,421,100 

$0 $0 $0 $13,317,500 

CY $28, 7 49,415 ......... $0 $0 $0 ...... $28,749,415 
··· si49io 

LF 

CY 

TONS 

ACRE 

LF 

EA 

$3,635,207 
$4.74 

$1,422,000 
$6000 

$0 

$0 

$0 $0 $3,635,207 

$0 $0 $1,422,000 

$5,421,000 ........... $0 $0 $0 ...... $5,421,000 
s20000 
$11,800 
$503.75 

$3,022,500 
$150,543.00 

$602, 172 

$0 

$0 

$0 

$0 $0 

$0 $0 

$0 $0 

$11,800 

$3,022,500 

$602, 172 
$63,602,694 

$142,439,354 

$8,040,000 

$8,040,000 



MSCIP - Alternative 2A Summary 
Placement Area Cost 

A1 $21,148,589 
A2 $29,597, 154 

BN1, BN2, BN3 $12,386,880 
C2 
D $11,466,234 

ER1 $3,277,373 
ER2 $10,016,781 
ER3 $13,723,362 

G w/Levee $28,967,085 
H4 Habitat Area $43,161,647 

H2 
H4 
05 $38, 724,500 

OR1 and OR2 $9,652,313 
P1 $7,011,746 

Subtotal $229, 133,664 

Other Related Costs 
Mob & Demob $3,000,000 

Oyster Mitigation see OR1, OR2 & ER1 
Pipelines $1,200,000 

Environmental Protection $500,000 
Subtotal $4,700,000 

Total $233,833,664 

ED_013073_00000045-00139 



P1pel1nes 60,000.00 

2 Environmental Protection 1.00 

3 Mob & Demob 1.00 
SUBTOTAL 

OYSTER REEF AREA (OR1 and OR2) 

....... [)redg1n!J.for()yster,i=111 ........................................... 971,00000 

2 Gravel 124,759 
SUBTOTAL OYSTER 

"A1" AREA 

Dredging for Marsh Fill 0.00 

2 ...... Dredg1n9forUelandF1ll ......................................... 1,260,00000 

3 Dredging for Exterior Levee Construction 2,000,000.00 

4 Mechanical Levee Construction 0.00 

5 ...... Hydraul1cally(;onstructedExtenorLevees ....... 19,51),4 

6 Stone Shore Protection 76,240.94 

7 Seeding 23.00 

8 Drop Outlet Structures 2.00 
SUBTOTAL "A1" 

"A2" AREA 

Dredging for Marsh Fill 1,461,000.00 

2 Dredging for Upland Fill 3,999,000.00 

3 ...... [)redg1n!J.forExtenorLevee(;onstruct1on .......... 800,00000 

4 Hydraulically Constructed Exterior Levees 26,002 

5 Stone Shore Protection 47,460.66 

6 
------

Seeding 27.00 

7 Planting (Marsh) 60.00 

8 Drop Outlet Structures 2.00 
SUBTOTAL "A2" 

"ER1" AREA 

...... Dredg1n9forQxsterF1ll .......................................... 300,00000 

7 Gravel 50,434.31 
SUBTOTAL "ER1" 
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LF $0 $0 $0 $1,200,000 

LS $0 $0 $0 $500,000 

LS $0 $0 $0 $3,000,000 
$4,700,000 

Varies per reach 

CY $4,661,970 ............ $0 ............... $0 .................. $0 ....... $4,661,970 ··· s4ooa 
TON 

CY 

$4,990,343 

Varies per reach 
$0 

Vanes per reach 

$0 

$0 

$0 $0 $4,990,343 
$9,652,313 

$0 $0 $0 

CY ... $3,200,400 ........... $0 .............. $0 ................. $0 ...... $3,200,400 
Varies per reach 

CY $10,160,000 $0 $0 $0 $10,160,000 
$4 74 

CY $0 $0 $0 $0 $0 
$149 10 

LF $2,908,046 ........... $0 .............. $0 ................. $0 ...... $2,908,046 ···· s6ooo 
TONS $4,57 4,457 $0 $0 

$200 00 
ACRE $4.600 $0 $0 

$150.543 00 
EA $301,086 $0 $0 

CY 

CY 

Varies per reach 
$6,062,340 

Varies per reach 
$11,875, 790 

Varies per reach 

$0 $0 

$0 $0 

$0 $4,574,457 

$0 $4,600 

$0 $301,086 
$21, 148,589 

$0 $6,062,340 

$0 $11,875, 790 

CY $4,328,000 ............ $0 ............... $0 .................. $0 ....... $4,328,000 ... $14910 
LF 

TONS 

$3,876,898 
$60 00 

$2,847,640 
$200 

$0 $0 $0 $3,876,898 

$0 $0 $0 $2,847,640 

ACRE . sl:%t61~o $0 ............... $0 .................. $0 ....... $5,4,00 

ACRE 

EA 

4.2 

$300,000 $0 
$150,543 00 

$301,086 

Vanes per reach 

$0 

$0 $0 $300,000 

$0 $0 $301,086 
$29,597,154 

CY $1,260,000 ........... $0 .............. $0 $0 ...... $1,260,000 ... $4i5 
TON $2,017,373 $0 $0 $0 $2,017,373 

$3,277,373 



"ER2" AREA 

Dredging for Marsh Fill 0.00 

2 ...... Dredgin9forUelandF1ll ......................................... 1,000,00000 

3 Dredging for Exterior Levee Construction 1,063,000.00 

4 Hydraulically Constructed Exterior Levees 8,618 

5 Stone Shore Protection ..................................................... 1_0,24_2,0_8 __ _ 

6 Seeding 20.00 

7 Planting (Marsh) 10.20 

8 Drop Outlet Structures 1.00 
SUBTOTAL "ER2" 

"ER3" AREA 

Dredging for Marsh Fill 400,000.00 

2 Dredging for Upland Fill 926,000.00 

3 ...... [)redgin!l_forExteriorlevee(;onstruction .......... 1,200,00000 

4 Hydraulically Constructed Exterior Levees 12,511 

5 Bulkhead 4,000.00 

6 Stone Shore Protection ..................................................... 24,_033,_1_0 __ _ 

7 Seeding 11.00 

8 Planting (Marsh) 46.30 

9 Drop Outlet Structures 2.00 
SUBTOTAL "ER3" 

"D" AREA 

Dredging for Marsh Fill 0.00 

2 Dredging for Upland Fill 1, 116,000.00 

3 ...... Dredgin9forExteriorleveeCons(rucuon .......... 700,00000 

4 Hydraulically Constructed Exterior Levees 6,967 

5 Stone Shore Protection 50,357.48 

6 ...... Seeding 6.00 

7 Planting (Marsh) 14.20 

8 Drop Outlet Structures 2.00 
SUBTOTAL "D" 

"P1" Area 

....... [)redgin!l_forl)pland_F'ill .......................................... 1,082,00000 

2 Land Acquisition 700.00 

3 Mechanical Levee Construction (Inland) 300,000 

4 ...... [)roe()utletStructures 2.00 

5 Ditch Drainage Improvements 19,500.00 

6 Seeding 88.00 
SUBTOTAL "P1" 

TOTAL "LAVACA BAY" 
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CY 
Varies per reach 

0 
Varies per reach 

$0 $0 $0 $0 

CY ___ $2,820,000 ........... $0 .............. $0 ................. $0 ...... $2,820,000 
Varies per reach 

CY $5,091,770 $0 $0 $0 $5,091,770 
$149.10 

LF $1,284.944 $0 $0 $0 $1,284,944 
$60.00 

TONS $614,525 ............. $0 .............. $0 ................. $0 ...... $614,525 
s2oooo 

ACRE $4,000 $0 $0 $0 $4,000 
$5.000.00 

ACRE $51,000 $0 $0 $0 $51.000 
$150,543.00 

EA $150,543 $0 $0 $0 $150,543 

CY 

CY 

Varies per reach 
$2,032,000 

Varies per reach 
$2,352,040 

Varies per reach 

$0 $0 

$0 $0 

$10,016,781 

$0 $2,032,000 

$0 $2,352,040 

CY $3,497, 160 ............ $0 ............... $0 .................. $0 ....... $3,497,160 
··· $149.10 

LF 

LF 

$1,865,390 
$500.00 

$2,000,000.00 
$60.00 

$0 $0 $0 $1,865,390 

$2,000,000 

TONS $1,441,986 ............ $0 ............... $0 .................. $0 ....... $1,441,986 
. $200.00 

ACRE 

ACRE 

EA 

CY 

CY 

$2,200 
$5,000.00 
$231,500 

$150,543.00 
$301,086 

Varies per reach 
$0 

Varies per reach 
$2,979.720 

Varies per reach 

$0 

$0 

$0 

$0 

$0 

$0 $0 $2,200 

$0 $0 $231,500 

$0 $0 $301,086 
$13, 723,362 

$0 $0 $0 

$0 $0 $2,979,720 

CY $4,053,000 ........... $0 .............. $0 ................. $0 ...... $4,053,000 ... $i49ii5 
LF 

TONS 

$1,038,780 
$60.00 

$3,021.449 
$200.00 

$0 $0 $0 $1,038,780 

$0 $0 $0 $3,021,449 

ACRE sl~~~~o $0 .............. $0 ................. $0 ...... $1,200 

ACRE 

EA 

$71,000 $0 
$150,543.00 

$301,086 

Varies per reach 

$0 

$0 $0 $71,000 

$0 $0 $301,086 
$11,466,234 

CY $3,383,310 ............ $0 ............... $0 .................. $0 ....... $3,383,310 ... $300000 
ACRE $2, 100,000.00 

CY 
$4.00 

$1,200,000 
$150,543.00 

$0 $0 $0 

$0 $0 $0 

EA $301,086 $0 $0 $0 
--------------------··so~sa··· ----------------------------------- -------------------------------------- ----------------------------------

LF 

ACRE 

$9,750 
$200.00 

$17,600.00 

$0 $0 $0 

$0 $0 $0 

$2,100,000 

$1,200,000 

$301,086 

$9,750 

$17,600 
$7,011,746 

$105,893,552 



Beach Nourishment "BN1, BN2, BN3" 

Dredging for Beach Nourishment 1,884,000.00 

2 ...... GradingandShaping .............................................. 1,884,,00000 

3 Rock Groins 6,000.00 
SUBTOTAL"BN" 

"G" Area 

Dredging for Marsh Fill 0.00 

2 ...... [)redgin!l_forl)pland_F'ill .......................................... 2,063,00000 

3 Dredging for Exterior Levee Construction 2,200,000.00 

4 Hydraulically Constructed Exterior Levees 18,821 

5 Mechanical Levee Construction 0.00 

6 Stone Shore Protection 57,824.00 

7 Planting (Marsh) 160.00 

8 Drop Outlet Structures 2.00 
SUBTOTAL "G" 

G Levee 

1 Mechanical Levee Construction 450,000.00 

2 Stone Shore Protection 69,388.80 
SUBTOTAL "G-BN" 

"H" Area 

....... [)redgin!l_forSandF'latforrn ................................... 8,492,52600 

2 Dredging for Upland Fill 0.00 

3 Dredging for Exterior Levee Construction 1,545,000.00 

4 ...... f:l~draulically(;_onstructedExteriorlevees ........ 12,500 

5 Mechanical Levee Construction 0.00 

6 Stone Shore Protection 90,350.00 

7 ...... Seeding 20.00 

8 Rock Groins and Breakwaters 3,100.00 

9 Planting (Marsh) 100.00 

10 Drop Outlet Structures 2.00 
SUBTOTAL "H" 

TOTAL "MATAGORDA BAY" 

Dredging for Offshore Placement (Clamshell) 

TOTAL "OFFSHORE" 
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Varies per reach 
CY $6,875.880 $0 $0 $0 $6,875,880 

$1.00 

CY $1,884,000 ........... $0 .............. $0 $0 ...... $1,884,,000 
... $664.56 

LF $3,627,000 $0 $0 $0 $3,627,000 

CY 
Varies per reach 

$0 
Varies per reach 

$0 $0 

$12,386,880 

$0 $0 

CY ___ $5,240,020 ............ $0 ............... $0 .................. $0 ....... $5,240,020 
Varies per reach 

CY $10,054,000 $0 $0 $0 $10,054,000 
$149.10 

LF $2,806,211 $0 $0 $0 $2,806,211 
$4.74 

CY $0 $0 $0 $0 $0 --- -----------------$60~-oo --------------- ----------------------- ------- -----------------------

TONS $3,469,440 $0 $0 $0 $3,469,440 
$5,000.00 

ACRE $800,000 $0 $0 $0 $800,000 
$150,543.00 

EA $301,086 $0 $0 $0 $301,086 
$22,670,757 

$4.74 
CY $2,133,000 $0 $0 $0 $2,133,000 

$60.00 
TONS $4,163,328 $0 $0 $0 $4,163,328 

$6,296,328 

Varies per reach 

CY ___ $27,339,111 ........... $0 ............... $0 .................. $0 ....... $27,339,111 

CY 
Varies per reach 

$0 
Varies per reach 

$0 $0 $0 $0 

CY $7,112,700 $0 $0 $0 $7,112,700 
$149.10 

LF $1,863, 750 ............ $0 ............... $0 .................. $0 ....... $1,863,750 .... $474 
CY $0 $0 $0 $0 $0 

$6000 
TONS $5,421,000 $0 $0 $0 $5,421,000 

$200.00 

ACRE _ $4,000 ................ $0 ............... $0 .................. $0 ....... $4,000 

LF 

ACRE 

EA 

$620,000 
$5,000.00 
$500,000 

$150,543.00 
$301,086 

$3.50 
$30,684,500 

$2.50 

$0 $0 $0 $620,000 

$0 $0 $0 $500,000 

$0 $0 $0 $301,086 
$43,161,647 

$84,515,612 

$0 

$0 

$233,833,664 



MSCIP - Alternative 2B Summary 
Placement Area Cost 

A1 $21, 148,589 
A2 $29,597,154 

BN1, BN2, BN3 $12,386,880 
C2 $27,726, 152 
D $11,466,234 

ER1 $3,277,372 
ER2 $10,016,781 
ER3 $13,723,362 

G w/Levee $28,967,085 
H4 Habitat Area $43, 161,647 

H2 
H4 
05 $38,724,500 

OR1 and OR2 
P1 

Subtotal $240,195,758 

Other Related Costs 
Mob & Demob $3,000,000 

Oyster Mitigation $16,640,000 
Pipelines $1,200,000 

Environmental Protection $500,000 
Subtotal $21,340,000 

Total $261,535,758 
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P1pel1nes 60,000.00 

2 Environmental Protection 1.00 

3 Mob & Demob 1.00 

Oyster M1t1gat1on 208.00 
SUBTOTAL 

OYSTER REEF AREA 

1 Dredging for Oyster Fill 0.00 

2 Gravel 0 
SUBTOTAL OYSTER 

"A1" AREA 

...... Dredg1n9for~arsh!=1ll 0.00 

2 Dredging for Upland Fill 1,260,000.00 

3 Dredging for Exterior Levee Construction 2,000,000.00 

4 Mechanical Levee Construction 0.00 

5 Hydraulically Constructed Exterior Levees 19,504 

6 Stone Shore Protection 76,240.94 

7 ...... Seeding 23.00 

8 Drop Outlet Structures 2.00 
SUBTOTAL "A1" 

"A2" AREA 

Dredging for Marsh Fill 1,461,000.00 

2 ...... [)redg1n!J.forl)pland,i=111 .......................................... 3,999,00000 

3 Dredging for Exterior Levee Construction 800,000.00 

4 Hydraulically Constructed Exterior Levees 26,002 

5 Stone Shore Protection 
------------------------------------------

47,4,6066 

6 Seeding 27.00 

7 Planting (Marsh) 60.00 

8 Drop Outlet Structures 2.00 
SUBTOTAL "A2" 

"ER1" AREA 

1 Dredging for Oyster Fill 300,000.00 

7 Gravel 50,434.31 
SUBTOTAL "ER1" 
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LF $0 $0 $0 $1,200,000 

LS $0 $0 $0 $500,000 

LS $0 $0 $0 $3,000,000 

acres $0 $0 $0 $16,640,000 
$21,340,000 

Varies per reach 
CY $0 $0 $0 $0 $0 

$45 00 
TON $0 $0 $0 $0 $0 

$0 

Vanes per reach 
CY $0 $0 $0 $0 $0 

--- -------------------------- ------------------- --------------------- -------------- ----------------------- ------------------------------ ------ -----------------------

CY 
Varies per reach 

$3,200,400 
Varies per reach 

$0 

CY $10.160,000 $0 
$4 74 

$0 $0 $3,200,400 

$0 $0 $10,160,000 

CY $0 $0 $0 $0 $0 ... ................ $T4iTio ................ .................................................................................................................... . 

LF $2,908,046 $0 $0 $0 $2,908,046 
$60 00 

TONS $4,57 4.457 $0 $0 $0 $4,57 4,457 
$200 00 

ACRE iJ;ilt~J 00 $0 .............. $0 ................. $0 ...... $4,,600 

EA $301,086 $0 

CY 
Varies per reach 

$6,062,340 
Varies per reach 

$0 

$0 

$0 

$0 $301,086 
$21, 148,589 

$0 $6,062,340 

CY ... $11,875,790 ........... $0 ............... $0 .................. $0 ....... $11,875,790 

CY 

LF 

TONS 

ACRE 

ACRE 

EA 

CY 

TON 

Varies per reach 
$4,328,000 

$14910 
$3,876,898 

$60 00 

$0 

$0 

$0 $0 $4,328,000 

$0 $0 $3,876,898 

$2,847,640 ............ $0 ............... $0 .................. $0 ....... $2,847,640 
. $200 

$5,400 
$5,000 00 
$300,000 

$150,543 00 
$301,086 

Varies per reach 
$1,260,000 

$40 
$2,017,372 

$0 

$0 

$0 

$0 

$0 

$0 $0 $5,400 

$0 $0 $300,000 

$0 $0 $301,086 
$29,597,154 

$0 $0 $1,260,000 

$0 $0 $2,017,372 
$3,277,372 



"ER2" AREA 

Dredging for Marsh Fill 0.00 

2 ...... Dredgin9forUelandF1ll ......................................... 1,000,00000 

3 Dredging for Exterior Levee Construction 1,063,000.00 

4 Hydraulically Constructed Exterior Levees 8,618 

5 Stone Shore Protection ..................................................... 1_0,24_2,0_8 __ _ 

6 Seeding 20.00 

7 Planting (Marsh) 10.20 

8 Drop Outlet Structures 1.00 
SUBTOTAL "ER2" 

"ER3" AREA 

Dredging for Marsh Fill 400,000.00 

2 Dredging for Upland Fill 926,000.00 
2.91 

3 ...... [)redgin!l_forExteriorlevee(;onstruction .......... 1,200,00000 

4 Hydraulically Constructed Exterior Levees 12,511 

5 Bulkhead 4,000.00 

6 Stone Shore Protection ..................................................... 24,_033,_1_0 __ _ 

7 Seeding 11.00 

8 Planting (Marsh) 46.30 

9 Drop Outlet Structures 2.00 
SUBTOTAL "ER3" 

"D" AREA 

Dredging for Marsh Fill 0.00 

2 Dredging for Upland Fill 1, 116,000.00 

3 ...... Dredgin9forExteriorleveeCons(rucuon .......... 700,00000 

4 Hydraulically Constructed Exterior Levees 6,967 

5 Stone Shore Protection 50,357.48 

6 ...... Seeding 6.00 

7 Planting (Marsh) 14.20 

8 Drop Outlet Structures 2.00 
SUBTOTAL "D" 

"C2" Area 

....... [)redgin!l_forl)pland_F'ill .......................................... 1,082,00000 

2 Dredging for Exterior Levee Construction 971,000.00 

3 Hydraulically Constructed Exterior Levees 25,584 

4 Stone Shore Protection ..................................................... 91,_57_L_53 __ _ 

5 Mechanical Levee Construction 2,000,000.00 

6 Drop Outlet Structures 2.00 

7 Seediing 44.00 
SUBTOTAL "C2" 

TOTAL "LAVACA BAY" 
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CY 
Varies per reach 

0 
Varies per reach 

$0 $0 $0 $0 

CY ___ $2,820,000 ........... $0 .............. $0 ................. $0 ...... $2,820,000 
Varies per reach 

CY $5,091,770 $0 $0 $0 $5,091,770 
$149.10 

LF $1,284.944 $0 $0 $0 $1,284,944 
$60.00 

TONS $614,525 ............. $0 .............. $0 ................. $0 ...... $614,525 
s2oooo 

ACRE $4,000 $0 $0 $0 $4,000 
$5.000.00 

ACRE $51,000 $0 $0 $0 $51.000 
$150,543.00 

EA $150,543 $0 $0 $0 $150,543 

CY 

CY 

Varies per reach 
$2,032,000 

Varies per reach 
$2,352,040 

Varies per reach 

$0 $0 

$0 $0 

$10,016,781 

$0 $2,032,000 

$0 $2,352,040 

CY $3,497, 160 ............ $0 ............... $0 .................. $0 ....... $3,497,160 
··· $149.10 

LF 

LF 

$1,865,390 
$500.00 

$2,000,000.00 
$60.00 

$0 $0 $0 $1,865,390 

$2,000,000 

TONS $1,441,986 ............ $0 ............... $0 .................. $0 ....... $1,441,986 
. $200.00 

ACRE 

ACRE 

EA 

CY 

CY 

$2,200 
$5,000.00 
$231,500 

$150,543.00 
$301,086 

Varies per reach 
$0 

Varies per reach 
$2,979.720 

Varies per reach 

$0 

$0 

$0 

$0 

$0 

$0 $0 $2,200 

$0 $0 $231,500 

$0 $0 $301,086 
$13, 723,362 

$0 $0 $0 

$0 $0 $2,979,720 

CY $4,053,000 ........... $0 .............. $0 ................. $0 ...... $4,053,000 ... $i49ii5 
LF 

TONS 

$1,038,780 
$60.00 

$3,021.449 
$200.00 

$0 $0 $0 $1,038,780 

$0 $0 $0 $3,021,449 

ACRE sl~~~~o $0 .............. $0 ................. $0 ...... $1,200 

ACRE 

EA 

$71,000 $0 
$150,543.00 

$301,086 

Varies per reach 

$0 

$0 $0 $71,000 

$0 $0 $301,086 
$11,466,234 

CY ___ $3,383,310 ............ $0 ............... $0 .................. $0 ....... $3,383,310 
Varies per reach 

CY $5,244,090.00 $0 $0 $0 $5,244,090 
$149.10 

LF $3,814,57 4 $0 $0 $0 $3,814,57 4 
$60.00 

TONS $5,494,292 ............ $0 ............... $0 .................. $0 ....... $5,494,292 
. $474 

CY $9,480,000 $0 $0 $0 $9,480,000 
$150,543.00 

EA $301,086.00 $0 $0 $0 $301,086 
$200.00 

ACRE $8,800.00 $0 $0 $0 $8,800 
$27,726,152 

$116,955,645 



Beach Nourishment "BN1, BN2, BN3" 

Dredging for Beach Nourishment 1,884,000.00 

2 ...... GradingandShaeing .............................................. 1,884,,00000 

3 Rock Groins 6,000.00 
SUBTOTAL"BN" 

"G" Area 

Dredging for Upland Fill 0.00 

2 ...... [)redgin!l_for1V1arshFill ........................................... 2,063,00000 

3 Dredging for Exterior Levee Construction 2,200,000.00 

4 Hydraulically Constructed Exterior Levees 18,821 

5 Mechanical Levee Construction 0.00 

6 Stone Shore Protection 57,824.00 

7 Planting (Marsh) 160.00 

8 Drop Outlet Structures 2.00 
SUBTOTAL "G" 

G Levee 

1 Mechanical Levee Construction 450,000.00 

2 Stone Shore Protection 69,388.80 
SUBTOTAL "G-BN" 

"H" Area 

....... [)redgin!l_forSandF'latforrn ................................... 8,492,52600 

2 Dredging for Upland Fill 0.00 

3 Dredging for Exterior Levee Construction 1,545,000.00 

4 ...... f:l~draulically(;_onstructedExteriorlevees ........ 12,500 

5 Mechanical Levee Construction 0.00 

6 Stone Shore Protection 90,350.00 

7 ...... Seeding 20.00 

8 Rock Groins and Breakwaters 3,100.00 

9 Planting (Marsh) 100.00 

10 Drop Outlet Structures 2.00 
SUBTOTAL "H" 

TOTAL "MATAGORDA BAY" 

Dredging for Offshore Placement (Clamshell) 

TOTAL "OFFSHORE" 
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Varies per reach 
CY $6,875.880 $0 $0 $0 $6,875,880 

$1.00 

CY $1,884,000 ........... $0 .............. $0 $0 ...... $1,884,,000 
... $664.56 

LF $3,627,000 $0 $0 $0 $3,627,000 

CY 
Varies per reach 

$0 
Varies per reach 

$0 $0 

$12,386,880 

$0 $0 

CY ___ $5,240,020 ............ $0 ............... $0 .................. $0 ....... $5,240,020 
Varies per reach 

CY $10,054,000 $0 $0 $0 $10,054,000 
$149.10 

LF $2,806,211 $0 $0 $0 $2,806,211 
$4.74 

CY $0 $0 $0 $0 $0 --- -----------------$60~-oo --------------- ----------------------- ------- -----------------------

TONS $3,469,440 $0 $0 $0 $3,469,440 
$5,000.00 

ACRE $800,000 $0 $0 $0 $800,000 
$150,543.00 

EA $301,086 $0 $0 $0 $301,086 
$22,670,757 

$4.74 
CY $2,133,000 $0 $0 $0 $2,133,000 

$60.00 
TONS $4,163,328 $0 $0 $0 $4,163,328 

$6,296,328 

Varies per reach 

CY ___ $27,339,111 ........... $0 ............... $0 .................. $0 ....... $27,339,111 

CY 
Varies per reach 

$0 
Varies per reach 

$0 $0 $0 $0 

CY $7,112,700 $0 $0 $0 $7,112,700 
$149.10 

LF $1,863, 750 ............ $0 ............... $0 .................. $0 ....... $1,863,750 .... $474 
CY $0 $0 $0 $0 $0 

$6000 
TONS $5,421,000 $0 $0 $0 $5,421,000 

$200.00 

ACRE _ $4,000 ................ $0 ............... $0 .................. $0 ....... $4,000 

LF 

ACRE 

EA 

$620,000 
$5,000.00 
$500,000 

$150,543.00 
$301,086 

$3.50 
$30,684,500 

$2.50 

$0 $0 $0 $620,000 

$0 $0 $0 $500,000 

$0 $0 $0 $301,086 
$43,161,647 

$84,515,612 

$0 

$0 



Matagorda Ship Channel Improvement Project 
Maintenance Costs per Alternative 

Alternative 

Upland Plan 
Offshore Plan 
Alternative 1 A 
Alternative 1 B 
Alternative 2A 
Alternative 2B 
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Cost Per Cycle 50 Year Cost 

$ 29,972,501.44 $ 749,312,536 
$ 42,924, 168.66 $ 1,073,104,217 
$ 18,206,847.20 $ 455' 171 ' 180 
$ 17,031,565.77 $ 425,789, 144 
$ 17,344,681.72 $ 433,617,043 
$ 16,512,414.67 $ 412,810,367 



Message 

From: Hunt, Laura [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =656A3346959A49059EEA513638B8F 1 lD-H U NT, LAU RA] 

Sent: 10/14/20214:34:20 PM 

To: Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil] 

CC: Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 

Subject: RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Importance: High 

Brandon, 

A Community Advisory Board (CAB) meeting for the Alcoa/Lavaca Bay superfund site is scheduled for later this month. It 

is important that EPA have the latest update/status on the Matagorda Ship Channel project. Do you have availability for 

a call next week? Please let me know as soon as possible if you have any responses to my previous email. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

From: Hunt, Laura 

Sent: Tuesday, October 12, 2021 5:16 PM 

To: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil> 

Cc: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.army.mil> 

Subject: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Hi Brandon, 

On May 14 you sent a re-cap email stating that there will be future meetings on the project's dredge material 

management plan and sediment testing plan. Do you have a status on those documents because I heard that a contract 

had been awarded for the sediment testing plan. EPA would like the opportunity to review and comment on the 

sediment testing and dredge material management plans. My concern is that the proposed dredge area is adequately 

characterized as there are still potential hotspot areas that exceed sediment RAOs for mercury within the Carp's project 

acrea. See attached results from recent sediment sampling conducted in the LNG terminal project area by Alcoa that is 

adjacent to the Carp's proposed turning basin area. 

Lastly, EPA is still awaiting to hear back on questions from our June 25 letter. Please provide a status update on the 
following: 

• Section 5.3.11 Water Quality and 5.3.12 Sediment Quality (p. 159 EIS): indicates that "Under 
the recommended plan, factors that could affect DO include the increase in both water 
circulation and salinity" and that "There is potential for a change in bay-bottom velocities due to 
a wider and deeper channel and the actions taken as part of the DMMP." The predominant 
remedy in the closed area at the Alcoa (Point Comfort)/Lavaca Bay Superfund Site is monitored 
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natural attenuation (MNA). Has the Corps evaluated with modeling or some other analysis 
whether changes in bay-bottom velocity could potentially have any impacts to site MNA? Also, 
has the Corps evaluated possible impacts to MNA from increased shipping activity? 

• Section 4.2.2 Impacted Sediments (p.49 EIS): states that "Based on the analyses, all average 
mercury concentrations were below the RAO of0.25 mg/kgfor critical habitats (marsh-type) and 
therefore, there should be no restrictions on the use of the dredged material." EPA is requesting 
clarification on where the Corps intends to place dredge material removed from the closed area 
and whether there will be confirmatory sampling before disposal occurs. Placement of site 
associated material outside the superfund site may invoke land disposal restrictions. 

Please let me know when you are available to discuss this further. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 
U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 
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Message 

From: 

Sent: 
To: 

CC: 
Subject: 

Hi Brandon, 

Hunt, Laura [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

(FYDI BO HF 23SPDL T)/CN =RE Cl Pl ENTS/CN =656A3346959A49059EEA513638B8F 1 lD-H U NT, LAU RA] 

10/12/202110:15:46 PM 

Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil] 

Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 

Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

On May 14 you sent a re-cap email stating that there will be future meetings on the project's dredge material 

management plan and sediment testing plan. Do you have a status on those documents because I heard that a contract 

had been awarded for the sediment testing plan. EPA would like the opportunity to review and comment on the 

sediment testing and dredge material management plans. My concern is that the proposed dredge area is adequately 

characterized as there are still potential hotspot areas that exceed sediment RAOs for mercury within the Carp's project 

acrea. See attached results from recent sediment sampling conducted in the LNG terminal project area by Alcoa that is 

adjacent to the Carp's proposed turning basin area. 

lastly, EPA is still awaiting to hear back on questions from our June 25 letter. Please provide a status update on the 

following: 

• Section 5.3.11 Water Quality and 5.3.12 Sediment Quality (p. 159 EIS): indicates that "Under 
the recommended plan, factors that could affect DO include the increase in both water 
circulation and salinity" and that "There is potential for a change in bay-bottom velocities due to 
a wider and deeper channel and the actions taken as part of the DMMP." The predominant 
remedy in the closed area at the Alcoa (Point Comfort)/Lavaca Bay Superfund Site is monitored 
natural attenuation (MNA). Has the Corps evaluated with modeling or some other analysis 
whether changes in bay-bottom velocity could potentially have any impacts to site MNA? Also, 
has the Corps evaluated possible impacts to MNA from increased shipping activity? 

• Section 4.2.2 Impacted Sediments (p.49 EIS): states that "Based on the analyses, all average 
mercwy concentrations were below the RAO of 0.25 mg/kg for critical habitats (marsh-type) and 
therefore, there should be no restrictions on the use of the dredged material." EPA is requesting 
clarification on where the Corps intends to place dredge material removed from the closed area 
and whether there will be confirmatory sampling before disposal occurs. Placement of site 
associated material outside the superfund site may invoke land disposal restrictions. 
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Please let me know when you are available to discuss this further. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

ED_013073_00000047-00002 



Message 

From: wilsonalamobay@aol.com [wilsonalamobay@aol.com] 

Sent: 3/15/2022 10:25:27 PM 
To: Ronald.B.Wooten@usace.army.mil;Hunt, laura [Hunt.laura@epa.gov] 
Subject: [URL Verdict: Neutral] Fwd: [Non-DoD Source] March 17 meeting Matagorda ship channel 
Attachments: March 17 Full Agenda.docx; Stakeholders at March 17 meeting.docx 

Hi Ron, 

Here is our final list of participants and also the full agenda for the day. Please let me 
know if there are any edits I need to make. Looking forward to the visit! Thanks so 
much for your help. 
Sincerely, 
Diane 

Diane Wilson, San Antonio Bay Estuarine Waterkeeper 
Terence Courtney, Federation of Southern Cooperatives, Matagorda Bay Fisheries 
Cooperative 
Mauricio Blanco, commercial fisherman/cooperative 
Guillermina Alverz, commercial fishing family/cooperative 
Curtis Miller, oystermen, fish house dealer 
RJ Shelly, Calhoun County Marine Agent 
Bill Balboa, Matagorda Bay Foundation 
Lauren Fleer, Environmental Integrity 
Erin Gaines, EarthJustice 
Dr., Paul Montagna, Harte Research Institute for Gulf of Mexico Studies 
Dr. Jeremy Conkle, Texas A&M University, Corpus Christi 
Joanie Steinhaus, Turtle Island Restoration Network 

-----Original Message-----
From: Wooten, Ronald 8 Jr CIV USARMY CESWG(USA)<Ronald.8.Wooten@usace.army.mil> 
To: wilsonalamobay@aol.com <wilsonalamobay@aol.com>; hunt.laura@epa.gov <hunt.laura@epa.gov> 
Sent: Tue, Mar 15, 2022 4:35 pm 
Subject: RE: [URL Verdict: Neutral]Fwd: [Non-DoD Source] March 17 meeting Matagorda ship channel 

Ms. Wilson, 

An updated agenda would be most appreciated. I'll provide to our team as received. 

Thanks! 

Have a great evening! 

Ron Wooten 
Outreach Specialist 
Planning, Programs, and Project Management Division U.S. Army Corps of Engineers, Galveston District 
2000 Fort Point Road 
Galveston, Texas 77550 
email: Ronaid.B.Wooten(i'i}usace.anriy.mii 
Office: (409) 766-6381 
Cell: (409) 499-2880 
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Online: www.svvq.usaceu'>rmy.rriil 
DVIDS: www.dvidshub.net/unitsiUSACF-GD 
Twitter: vwvw. twitter. com/USAC Eq a lveston 
Facebook: www.facebook.com/GalvestonDistrict 

From: wilsonalamobay@aol.com <wilsonalamobay@aol.com> 
Sent: Tuesday, March 15, 2022 2:46 PM 
To: Wooten, Ronald B Jr CIV USARMY CESWG (USA)<Ronald.B.Wooten@usace.army.mil>; hunt.laura@epa.gov 
Subject: [URL Verdict: Neutral]Fwd: [Non-DoD Source] March 17 meeting Matagorda ship channel 

Hi Ron, 
Thank you both so much for the update. There were several cancellations on our end which I updated. Should I send 
ya'll the most current agenda that we have for Thursday? I can do that tomorrow if ya' II like. Thanks! 
Sincerely 
Diane 

-----Original Message-----
From: Wooten, Ronald B Jr CIV USARMY CESWG(USA)<Ronald.B.Wooten@usace.army.mil> 
To: DIANE WILSON <wilsonalamobay@aol.com>; Laura Hunt Epa <hunt.laura@epa.gov> 
Sent: Tue, Mar 15, 2022 1 :01 pm 
Subject: RE: [Non-DoD Source] March 17 meeting Matagorda ship channel 

Ms. Wilson, 

So sorry, ma'am, here is our itinerary list with full participants for your meeting: 

Dep ASA(CW) Pinkham 
COL Vail 
Rex Ostrander 
Patricia Anslow 
Jeff Pinsky 
Franchelle Nealy 
Lynda Yezzi 

EPA: 
Dr. Earthea Nance, Regional 

Matagorda Ship Channel Dianne Wilson 
Administrator, Region 6 

Meeting with Deputy ASA(CW) Jaime 
Dr. Carlton Waterhouse, Deputy 
Assistant Administrator for Land 

1030 1130 Pinkham 
and Emergency Management, 

Please see attached agenda from Dianne 
Wilson 

Office of Land and Emergency 
Management(t) 
John Meyer, Region 6 Superfund 
Deputy Division Director 

Attendees: 
Diane Wilson, San Antonio Bay 
Estuarine Waterkeeper 
Terence Courtney, Federation of 
Southern Cooperatives, organizer 
of Matagorda Bay Fisheries 
Cooperative 
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Please let me know if there are any additions or errors here? Thanks! 

Ron Wooten 
Outreach Specialist 

Mauricio Blanco, commercial 
fisherman 
Guillermina Alverz, commercial 
fishing family 
Curtis Miller, oystermen, fish house 
dealer 
R J Shelly, Calhoun County Marine 
agent 
Bill Balboa, Matagorda Bay 
Foundation 

Lauren Fleer, Environmental 
Integrity 
Erin Gaines, Earth Justice 
Dr. Paul Montagna, Harte Research 
Institute for Gulf of Mexico Studies 
Dr. Jeremy Conkle, research 
biologist in Lavaca Bay 
Joanie Steinhaus, Turtle Island 
Restoration Network 

Planning, Programs, and Project Management Division U.S. Army Corps of Engineers, Galveston District 
2000 Fort Point Road 
Galveston, Texas 77550 
email: Ronaid.8,Wooten(i'i}usace.anriy,mii 
Office: (409) 766-6381 
Cell: (409) 499-2880 
Online: VNNvoSwg.usacEu:H'my,mil 
DVIDS: \NWW,dvidshub,net/units/USACE-GD 
Twitter: 'WWW, twitter ,com/USACEgalveston 
Facebook: VJ\t/w.facebook, com/Galveston District 

-----Original Message-----
From: DIANE WILSON <wilsonalamobay@aol.com> 
Sent: Tuesday, March 15, 2022 9:21 AM 
To: Wooten, Ronald B Jr CIV USARMY CESWG (USA) <Ronald.B.Wooten@usace.army.mil>; Laura Hunt Epa 
<hunt.laura@epa.gov> 
Subject: [Non-DoD Source] March 17 meeting Matagorda ship channel 

Hi Ron and Laura, 
Could I have a list of participants from y'all's end? I am writing name cards for everyone at the meeting. Thanks so 

much! 
Diane 

Sent from my iPhone 
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March 17 Full Agenda: 

Part I: Meeting 

Location: Calhoun County Ag Building auditorium-311 Henry Barber Way, Port Lavaca 

10:30-11 :30am 

I. Introductions (10 mins) 

II. Community Concerns about the Matagorda Ship Channel Dredging Project (35 mins) 

a. San Antonio Bay Estuarine Waterkeeper - Diane Wilson (5 mins) 
b. Fishing Community & Matagorda Bay Fishing Cooperative - Terrence 

Courtney, Mauricio Blanco, Curtis Miller, Guillermina Alvarez (10 mins) 
c. Matagorda Bay Foundation - Bill Balboa (5 mins) 
d. Scientists & Researchers - Dr. Paul Montagna, Dr. Jeremy Conkle, 

Joanie Steinhaus, Lauren Fleer (10 mins) 

Ill. Questions & Discussion (15 mins) 

Part II: Tour of Bays on Fishing Boat 

Location: Miller's docks behind Evelyn's- 732 Broadway, Port Lavaca, TX 77979 

11 :30-12:45pm 

I. Presentation of petition by fishermen to Mr. Pinkham 

11. Board Boat 

Ill. Return trip 
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Stakeholders at March 17 meeting 

Diane Wilson, San Antonio Bay Estuarine Waterkeeper 
Terence Courtney, Federation of Southern Cooperatives, 
Matagorda Bay Fisheries Cooperative 
Mauricio Blanco, commercial fisherman/cooperative 
Guillermina Alverz, commercial fishing family/cooperative 
Curtis Miller, oystermen, fish house dealer 
RJ Shelly, Calhoun County Marine Agent 
Bill Balboa, Matagorda Bay Foundation 
Lauren Fleer, Environmental Integrity 
Erin Gaines, EarthJustice 
Dr., Paul Montagna, Harte Research Institute for Gulf of Mexico 
Studies 
Dr. Jeremy Conkle, Texas A&M University, Corpus Christi 
Joanie Steinhaus, Turtle Island Restoration Network 
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Message 

From: 

Sent: 
To: 
CC: 

Subject: 

Jeff, 

Kaspar, Paul [kaspar.paul@epa.gov] 

4/16/202110:29:56 PM 
Pinsky, Jeffrey F CIV USARMY CESWF (USA) [Jeffrey.F.Pinsky@usace.army.mil] 

Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil]; Pinon, Abram CIV USARMY 
CESWF (USA) [Abram.Pinon@usace.army.mil];Jacques, Wendy [Jacques.Wendy@epa.gov]; Hunt, laura 
[Hunt.laura@epa.gov] 
RE: Follow up on the Matagorda Ship Channel 

Program contacts would be as follows: 

ODMDS 

Wendy Jacques 

Jacques. Wendv@epa.gov 
214-665-7395 

Superfund 

Laura Hunt 
HunLl.aura@epa.gov 

214-665-9729 

Have a great weekend! 

Paul Kaspar 

Environmental Engineer 
US. EPA - Region 6 (Houston Lab) 

Water Division, NPDES/Wetlands Review Section (WDPN) 

10625 Fallstone Road 

Houston, TX 77099 

Office: 214.665.7459 

Fax: 281.983.2124 

Em a i I: )5.9.?.P.<?!.f..,P.? .. ~.!!..@.S:P.£\JlQY 

From: Pinsky, Jeffrey F CIV USARMY CESWF(USA)<Jeffrey.F.Pinsky@usace.army.mil> 

Sent: Thursday, April 15, 2021 8:27 AM 

To: Kaspar, Paul <kaspar.paul@epa.gov> 
Cc: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil>; Pinon, Abram CIV USARMY 

CESWF(USA)<Abram.Pinon@usace.army.mil> 

Subject: Follow up on the Matagorda Ship Channel 

Paul, 

Thanks for helping us with our EPA coordination with this one. Brandon Ford is the Lead Biologist on this project and 

Abe Pinon is our Environmental Engineer. Mr. Pinion will likely need to meet with you Superfund folks on the dredging 

near Alcoa and with the folks who handle ODMDS sampling plans. 

Respectfully, 

Jeff Pinsky 
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Chief, Compliance Section 

Regional Planning and Environmental Center 
Mobile: 409-224-2013 
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Message 

From: 

Sent: 
To: 

CC: 

Subject: 

Attachments: 

Culbertson, Jan C [jan_culbertson@fws.gov] 

7 /7 /20212:57:47 PM 
Ford, Christopher B CIV USARMY CESWF(USA)[Christopher.B.Ford@usace.army.mil]; Nealy, Franchelle E CIV 
USARMY CESWG (USA) [Franchelle.E.Craft@usace.army.mil]; Pinsky, Jeffrey F CIV USARMY CESWF (USA) 
(Jeffrey.F.Pinsky@usace.army.mil) [Jeffrey.F.Pinsky@usace.army.mil];Maglio, Coraggio K CIV USARMY CESWG (USA) 
[Coraggio.K.Maglio@usace.army.mil] 
Lindsey Savage [Lindsey.Savage@tpwd.texas.gov]; Emma Clarkson [Emma.Clarkson@tpwd.texas.gov]; 

charrish.stevens@noaa.gov; Kaspar, Paul [kaspar.paul@epa.gov]; Hunt, laura [Hunt.laura@epa.gov] 
FW: [EXTERNAL] re: Evaluation of the Proposal for Widening and Deepening the MatagordaShip Channel - Texas 
A&M University - Corpus Christ 
MBMT_TAMUCC_Mat_Ship_Channel_final_SOW_2021-06-16.pdf 

For your information regarding on an on-going study of the Matagorda Ship Channel. 

Best regards, Jan 

Jan Culbertson, Ph.D. 
Fish and Wildlife Biologist 
Texas Coastal Ecological Services Field Office 
U.S. Fish & Wildlife Service 
17629 El Camino Real, Ste 211 
Houston, TX 77058 
281-212-1516 
Telecommuting 

From: Steven J. Raabe <trustee@mbmtrust.com> 

Sent: Wednesday, July 7, 2021 8:48 AM 

To: Culbertson, Jan C <jan_culbertson@fws.gov> 

Subject: [EXTERNAL] re: Evaluation of the Proposal for Widening and Deepening the MatagordaShip Channel - Texas 
A&M University - Corpus Christ 

• 

This email has been received from outside of DOI - Use caution before clicking on links, opening 
attachments, or responding. 

Dr. Culbertson, 

Attached is the scope of work and budget for the study that the Matagorda Bay Mitigation Trust has funded regarding an Evaluation of 
the Proposal for Widening and Deepening the Matagorda Ship Channel. The study is scheduled to be completed by September 30, 
2021. 

Please let me know if you have any questions. 

Best regards, 

Steven J. Raabe, P.E. 
Trustee, Matagorda Bay Mitigation Trust 
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PO Box 1269 
Poth, TX 78147-1269 
Office: 361-200-1456 
Mobile: 830-391-0616 
Trustee<cvmbmTrust.com 
V<N1vv.mbmTrustcorn ---------------------------------------------------------

From: "Culbertson, Jan C" <if!.D.. ... ~.wJ!!..e.ctsPD.@.fw,s..,.9.ffY..> 
Sent: Wednesday, July 7, 2021 8:19 AM 
To: "Trustee(rumbrntrustcom" <Trustee(rurnbmtrustcom> 
Subject: Evaluation of the Proposal for Widening and Deepening the MatagordaShip Channel - Texas A&M University -
Corpus Christ 

Good J\iloming Mr. Raabe, 

Could you please give me more details on this study of the Matagorda Ship Channel that was avrnrded funding 
this year by your organization? Is there a proposal or presentation of this proposal that you might share with the 
Service? 

The Corps is currently in PED phase of this construction project Interagency meetings are in progress for the 
mitigation portion of the project The Service vvould appreciate knowing more about this study, which may 
provide relevant infonnation to these discussions. 

Thanks, Jan 

Jan Culbertson, Ph.D. 
Fish and \Vildlife Biologist 
Texas Coastal Ecological Services Field Office 
U.S. ~Fish & \Vildlife Service 
17629 El Camino ReaL Ste 211 
Houston, TX 77058 
281-212-1516 
Telecommuting 

2021-2022 Proposals Awarded 

Evaluation of the Proposal for Widening and Deepening the Matagorda Ship Channel - Texas A&M 
University - Corpus Christi - ($110,028) 

This project will provide an independent evaluation of the U.S. Army Corps of Engineers study for 
improving the Matagorda Ship Channel, Port Lavaca, Texas. The Corps' study assessed the effects 
on the natural system and human environment, including the economic development effects of 
existing inefficiencies. 

This project will include an assessment of potential physical and ecological impacts to Matagorda and 
Lavaca Bays. The assessments would be based on literature review and reanalysis of existing data 
and information. The major areas of concern are potential changes to bay circulation, salinity, 
groundwater interaction, placement of dredge material, increases in turbidity and mobilization of 
mercury in sediments of the bay. 
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Matagorda Bay Mitigation Trust ("Trust") 

ATTACHMENT A 

STATEMENT OF MITIGATION PROJECT 

Texas A&M University - Corpus Christi ("Recipient") 

6300 Ocean Drive Unit 5802 

Corpus Christi, TX 78412 

Statement of Work 

Title: Evaluation of the Proposal for Widening and Deepening the Matagorda Ship Channel 

Paul Montagna and James Gibeaut 

Harte Research Institute for Gulf of Mexico Studies 

J.~ . .D.J.?.5.'..G..l.9?.© .. ~J.@.t.9..m .. ~!.f.f.:.f!.~ .. ~!. 

Problem Statement: 

The Calhoun Port Authority has initiated a study with the U.S. Army Corps of Engineers 1 to 

acquire a permit for improving the Matagorda Ship Channel (MSC), Port Lavaca, Texas. The 

MSC is 26 miles long and extends from offshore in the Gulf of Mexico through Matagorda Bay 

and Lavaca Bay to the Port. The study will assess the effects on the natural system and human 

environment, including the economic development effects of existing inefficiencies. 

The existing channel is used by vessels with drafts up to 38 feet deep at mean lower low water 

(MLLW). The channel bottom is 200 feet wide. The existing turning basin is 1000 by 1000 feet 

wide. The current alternative plan A is to deepen the channel to 47 feet MLLW, widen it to 350 

feet in the bay and 600 feet in the Gulf, and expand the dimensions of the turning basin to 

1,200 feet. The study predicts this would provide $6,539,000 in total net benefits, with a 

benefit-to-cost ratio (BCR) of 1.3. 

The study does identify environmental resources in Lavaca and Matagorda Bays in Section 2 

and concludes no changes to any resources in Section 3. In Section 5, it states "Cumulative 

impacts due to past, existing, and reasonably foreseeable future projects, along with the 

Recommended Plan, are not expected to have significant adverse effects to resources in the 

study area." 

1 U.S. Army Corps of Engineers (2019) Matagorda Ship Channel, Port Lavaca, Texas. Feasibility Report and 
Environmental Impact Statement, Review of Completed Projects, Calhoun and Matagorda Counties. Report P2 ·· 
451954, Galveston District, Galveston, Texas. 
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However, there are concerns specific to Matagorda and Lavaca Bays that there could be the 

following potential changes: 

1) Physical changes 

a. Circulation and storm surge changes due to changing the bathymetry of 

Matagorda and Lavaca Bays due to deepening the channel and placement of 

dredge spoil parallel to the channel, which will funnel tidal movement along the 

axis of the bay and restrict mixing perpendicular to the channel. 

b. Salinity changes due to the circulation changes and connecting with the 

groundwater lens. 

c. Puncturing the groundwater lens beneath the bay. 

2) Ecological changes 

a. Placement of dredge spoil could smother benthic habitats, such as oysters, 

seagrasses, or muddy bay bottoms. This would affect forage potential for 

desirable fish species. 

b. Effects to primary producers or bottom dwelling organisms due to increase 

turbidity during the actual dredging. 

c. Mobilization of mercury by the dredging. Lavaca Bay is a National Superfund Site 

with considerable amounts of mercury in sediments of the bay. 

Potential Environmental Assessments 

The assessment would be done in two parts: physical and ecological. Dr. James Gibeaut would 

lead the physical assessment, and Dr. Paul Montagna would lead the ecological assessment. 

The assessments would be based on literature review and reanalysis of existing data and 

information. 

Tasks: 

1. Physical Assessment: 

1.1. Circulation: Changing channel dimensions can change the pattern of circulation of 

water entering and exiting a bay driven by astronomical and wind tides and episodically 

by storm surge. These impacts on circulation could cause changes in estuarine wetlands 

and increase storm surge hazard. A review of prior modeling results and available 

circulation data will assess the likelihood of adverse impacts and determine if a new 

modeling effort should go forward. 

1.2. Salinity Change: Changes in circulation will also cause changes in the patterns and level 

of salinity in the bay. A review of prior salinity modeling results and available salinity 

data will assess the likelihood of channel deepening and widening affecting salinity and 

reveal if there is a need for further modeling. This assessment will also consider how 

much of a salinity change could adversely affect the ecosystem. 
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1.3. Groundwater: The Gulf Coast Aquifer is a lens of freshwater beneath the bay, and it is 

possible that deepening the channel would puncture the containment layer such that a 

pathway for exchange of freshwater and seawater to mix. The threat is seawater 

incursion into the Coastal Aquifer or draining of the Coastal Aquifer into the bay. The 

location of the dredging will be evaluated for colocation with the aquifer. 

2. Ecological Assessment: 

2.1. Dredge Spoil Placement: Habitat maps will be downloaded and compared to placement 

areas to identify resources at risk from burial or smothering. 

2.2. Turbidity: Sediment resuspension can lead to turbidity. This is often a temporary 

effect. A review of existing literature will compare turbidity effects on primary 

producers, which depend on light levels. Filter feeders, such as oysters, can also be 

affected by turbidity so these effects will be reviewed. 

2.3. Mercury. Mercury can be biomagnified in food webs, making fish dangerous to eat. 

Maps of the known mercury distributions in sediments will be overlaid with the 

location of the dredging to widen the channel and turning basin. 
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Matagorda Bay Mitigation Trust ("Trust") 

ATTACHMENT B 

BUDGET 

Texas A&M University - Corpus Christi ("Recipient") 

6300 Ocean Drive Unit 5802 

Corpus Christi, TX 78412 

Contract Budget 

Budget by Category: 

Salary $75,459 

Taxes and Benefits $21,172 

Data Management $0 

Supplies $0 

Travel $514 

Overhead (15% of salaries) $11,319 

Tuition 1,564 

Total $110,028 

Budget by Task: 

Task Cost 

Task 1 (Montagna) $41,237 

Task 2 (Gibeaut) $68,791 

Task 3 $0 

Task4 $0 

TOTAL $110,028 

Budget Justification 

The Project has two tasks: 1) ecological assessment led by Dr. Paul Montagna, and the 2) physical 

assessment led by Dr. James Gibeaut. Salaries for Task 1 include Montagna, the Pl, for 1 month 

($10,417), a postdoc, Audrey Douglas for 2 months ($8,500), a graduate student for 3 months ($3,200), 

and an undergraduate student for 3 months ($5, 760). Salaries for Task 2 include Gibeaut, the Pl, for 1 

month ($17,037), a research scientist, Mukesh Subedee for 2.5 months ($17,037), and a research 

specialist, Jessica Magolan, for 3 months ($13,500). Total salaries are $75,459, thus the indirect costs 

(IDC) are 15% of salaries which is, $11,319. Total benefits are $21,172, which averages 28% of salaries. 

Travel for two trips to Point Comfort or Port Lavaca for two people is included at $514, which is 

estimated based on rental car rates and mileage. The travel is to support dissemination of information. 

Tuition for the graduate student is a direct cost to the project and is estimated at $1,564. 
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Message 

From: 

Sent: 
To: 
CC: 

Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 

8/2/20214:07:01 AM 
Hunt, Laura [Hunt.Laura@epa.gov] 

Simon Payne [Simon.Payne@tceq.texas.gov]; Nealy, Franchelle E CIV USARMY CESWG (USA) 
[Franchelle.E.Craft@usace.army.mil];Finn, Lisa M CIV USARMY CESWG (USA) [Lisa.M.Finn@usace.army.mil]; Neill, 
Ashley N CIV USARMY CESWG (USA) [Ashley.N.Neill@usace.army.mil];Ford, Christopher B CIV USARMY CESWF 
(USA) [Christopher.B.Ford@usace.army.mil];angela.m.lane_usace.army.mil [angela.m.lane@usace.army.mil]; 

Pinsky, Jeffrey F CIV USARMY CESWF (USA) [Jeffrey.F.Pinsky@usace.army.mil] 

Subject: Meeting Minutes: Matagorda Ship Channel Project Discussion with EPA Superfund and Emergency Management 
Division (SEMD) 

Attachments: MSC_7-27-2021_EPA Superfund Disucussion_Meeting_Minutes.docx 

Importance: High 

Laura, 

Attached are meeting minutes from last week's call. Please let us know if you have any questions. 

Thank you, 

Abe Pinon, P.E. 

Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 

Cell: (817) 223-7504 

Abram.Pinon@usace.army.mil 

NOTICE: This information is For Official Use Only. The contents of this email, including any attachments, must not be 

disclosed, directly or indirectly, to any person not authorized by the agency to receive such information. Unauthorized 

disclosure of such information may subject the individual making the release to civil and criminal penalties. See, e.g., 18 
U.S.C. § 641; 5 C.F.R. § 2635.703. 

Do not release under the Freedom of Information Act, 5 U.S.C. § 552 (FOIA). This message [or document] contains 

personal and confidential information for the intended recipients and contains pre-decisional advice or information 

which is protected from disclosure under FOIA. Do not copy or release without prior authorization from the originator. 

Any review or distribution without consent is strictly prohibited. If you have received this information in error, please 

notify the sender immediately. 
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Meeting Notes 

Project: Matagorda Ship Channel (MSC) Improvement Project 
Date: 7-27-2021 

Time: 1030 to+/- 1200 hrs 

Compiled by Abe Pinon 

Purpose: Open Discussion with EPA Superfund and Emergency Management Division (SMED) 

1. Attendees 
a. Laura Hunt, [ HYPERLINK "mailto:hunt.laura@epa.gov"] 

b. Simon Payne, [ HYPERLINK "mailto:simon.payne@tceq.texas.gov"] 

c. Franchelle Nealy, [ HYPERLINK"mailto:franchelle.e.craft@usace.army.mil" ] 

d. Lisa Finn, [HYPERLINK"mailto:Lisa.M.Finn@usace.army.mil"] 

e. Ashley Neill, [HYPERLINK"mailto:ashley.n.neill@usace.army.mil"] 
f. Brandon Ford, [HYPERLINK"mailto:christopher.b.ford@usace.army.mil"] 

g. Angela Lane, [ HYPERLINK"mailto:angela.m.lane@usace.army.mil" ] 

h. Abe Pinon, [HYPERLINK"mailto:abram.pinon@usace.army.mil"] 

2. Topics of discussion included: 

a. Lisa Finn stated Operations collects surface samples along the existing federal channel, 

approximately every 5 years to maintain historical trends of chemical concentrations, 

including mercury. In a 2019 sampling event, a detection for mercury was found in one 

sample, but the result was still below action levels for sediment. Lisa Finn provided 

these results to Ms. Laura Hunt's predecessor, Gary (Last Name?) with the 

Environmental Protection Agency (EPA). Gary did not raise an alarm about the provided 

sample results. [Note: 2019 sampling results were sent to Laura Hunt by Ashley Neil 

following the call]. 

b. Laura Hunt wanted to know if a hydraulic model/sediment transport analysis was 

conducted by U.S. Army Corps of Engineers (USACE) for the ALCOA Superfund site Area. 
An analysis was conducted by USACE-Galveston District (SWG) Hydraulics and Hydrology 

(H&H) section for the entrance channel area of the MSC. Franchelle Nealy will check 
H&H to see if this analysis was also performed for the in-bay section of the channel 

and/or area of concern for the EPA. 

c. Laura Hunt asked USACE about the coordination that exists between USACE and other 

[dredging] projects located in and around the port and the sampling associated with 

those projects. Lisa Finn stated she has not seen any of these sampling plans from other 

parties. Franchelle Nealy will check with Felicia Harral of the Calhoun Port Authority to 

see what sort of communications has occurred for these. 

d. Laura Hunt asked the source of the environmental data used to make the statements 

found in the EIS. Lisa Finn confirmed it was USACE data collected over the years of 

maintaining the channel that was the basis for the determinations made in the EIS. 

Environmental grab samples collected over the years for the maintenance of the 

channel typically went to a depth of 6 inches. 
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e. Ashley Neil stated SWG Operations has historical testing (both for environmental and 

geotechnical properties) for about 40 years from around Station 20+000 to 117+000. A 

geotechnical investigation will soon be performed by the Calhoun Port Authority. 

Additional environmental samples will be collected utilizing sampling equipment for 

chemical and physical analysis during this geotechnical investigation, following the 

procedures outlined in a USACE prepared Sampling and Analysis Plan (SAP). The SAP 

was designed to follow both the current geotechnical work and historical sampling done 

in the past to continue this trend assessment and to represent the new work material 

associated with the proposed widening of the MSC. Approximately 3 environmental 
samples will be collected around the "Closed Area". Lisa Finn asked Laura Hunt ifthe 

EPA needed to see SAP for this before executing. Laura stated that providing a copy of 

the sampling plan is not necessary. However, Laura emphasized that the sampling 

needs to account for the new impacts caused by the MSC expansion project. USACE 

stated sample results will be shared with the EPA once obtained. 

f. Simon Payne requested a figure(s) be provided to identify the project features. Abe 

Pinon stated he will provide a figure that will explain the various project features, upon 

receiving approval from Franchelle Nealy to release such information. 

g. Laura Hunt asked for the current construction start date. Franchelle Nealy responded 

that construction commencement is still to be determined. 

h. Laura Hunt mention the submission of a letter to COL Vail regarding statements made in 
the EIS regarding CERCLA liability. The EIS states "Dredge material will be tested for 

contaminants and if any are found, the Sponsor will be 100% responsible for 

investigation, removal and disposal of any HTRW involved with construction and O&M 
of the project in accordance with ER 1165-2-132 and PGL No. 34. (Appendix F

Engineering, Section 7.0). Abe Pinon stated he was aware of the comment and 

mentioned USACE Civil Works policy prohibits the federal government from paying for 

remediation costs associated with a civil works project. Abe further stated this similar 

language is placed in the Project Partnership Agreement document, which is a 
document between the non-federal sponsor and USACE that describes the 

responsibilities of each party under the federal project. 

i. Abe Pinon requested from Laura Hunt a GIS or AutoCAD file that identifies the limits of 
the "Closed Area" of the Superfund site. 

3. Action Items 

a. SWG Operations will provide environmental sampling results conducted at the federal 

project to the EPA. 

b. Franchelle Nealy to confirm if sediment transport analysis was done for the ALCOA Area, 

and if so, provide the results of that study to the Laura Hunt. 

c. Franchelle Nealy will check with Felicia Harral of the Calhoun Port Authority to see what 

form of communication is ongoing regarding non-USACE related projects in the port. 

d. Abe Pinon will seek approval from Franch el le Nealy to release figure(s) to the TCEQ and 

EPA. 

e. Closed Area file to be provided by EPA. 
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Message 

From: 
Sent: 

wilsonalamobay@aol.com [wilsonalamobay@aol.com] 

3/15/2022 7:46:23 PM 
To: 
Subject: 

ronald.b.wooten@usace.army.mil;Hunt, Laura [Hunt.Laura@epa.gov] 
Fwd: [Non-DoD Source] March 17 meeting Matagorda ship channel 

Hi Ron, 
Thank you both so much for the update. There were several cancellations on our end which I updated. Should I send 
ya'll the most current agenda that we have for Thursday? I can do that tomorrow if ya' II like. Thanks! 
Sincerely 
Diane 

-----Original Message-----
From: Wooten, Ronald B Jr CIV USARMY CESWG(USA)<Ronald.B.Wooten@usace.army.mil> 
To: DIANE WILSON <wilsonalamobay@aol.com>; Laura Hunt Epa <hunt.laura@epa.gov> 
Sent: Tue, Mar 15, 2022 1 :01 pm 
Subject: RE: [Non-DoD Source] March 17 meeting Matagorda ship channel 

Ms. Wilson, 

So sorry, ma'am, here is our itinerary list with full participants for your meeting: 

Dep ASA(CW) Pinkham 
COL Vail 
Rex Ostrander 
Patricia Anslow 
Jeff Pinsky 
Franchelle Nealy 
Lynda Yezzi 

EPA: 
Dr. Earthea Nance, Regional 
Administrator, Region 6 
Dr. Carlton Waterhouse, Deputy 

Matagorda Ship Channel Dianne Wilson 
Assistant Administrator for Land 
and Emergency Management, 

Meeting with Deputy ASA(CW) Jaime 
Office of Land and Emergency 

1030 1130 Pinkham 
Please see attached agenda from Dianne 

Management(t) 

Wilson 
John Meyer, Region 6 Superfund 
Deputy Division Director 

Attendees: 
Diane Wilson, San Antonio Bay 
Estuarine Waterkeeper 
Terence Courtney, Federation of 
Southern Cooperatives, organizer 
of Matagorda Bay Fisheries 
Cooperative 
Mauricio Blanco, commercial 
fisherman 
Guillermina Alverz, commercial 
fishing family 
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Please let me know if there are any additions or errors here? Thanks! 

Ron Wooten 
Outreach Specialist 

Curtis Miller, oystermen, fish house 
dealer 
R J Shelly, Calhoun County Marine 
agent 
Bill Balboa, Matagorda Bay 
Foundation 

Lauren Fleer, Environmental 
Integrity 
Erin Gaines, Earth Justice 
Dr. Paul Montagna, Harte Research 
Institute for Gulf of Mexico Studies 
Dr. Jeremy Conkle, research 
biologist in Lavaca Bay 
Joanie Steinhaus, Turtle Island 
Restoration Network 

Planning, Programs, and Project Management Division U.S. Army Corps of Engineers, Galveston District 
2000 Fort Point Road 
Galveston, Texas 77550 
email: Ronaid.8,Wooten(i'i}usace.anriy,mii 
Office: (409) 766-6381 
Cell: (409) 499-2880 
Online: VNNvoSwq.usacEu:H'mv,mil 
DVIDS: \NWW,dvidshub,net/units/USACE-GD 
Twitter: 'WWW, twitter ,com/USACEgalveston 
Facebook: VJ\t/w.facebook, com/Galveston District 

-----Original Message-----
From: DIANE WILSON <wilsonalamobay@aol.com> 
Sent: Tuesday, March 15, 2022 9:21 AM 
To: Wooten, Ronald B Jr CIV USARMY CESWG (USA) <Ronald.B.Wooten@usace.army.mil>; Laura Hunt Epa 
<hunt.laura@epa.gov> 
Subject: [Non-DoD Source] March 17 meeting Matagorda ship channel 

Hi Ron and Laura, 
Could I have a list of participants from y'all's end? I am writing name cards for everyone at the meeting. Thanks so 

much! 
Diane 

Sent from my iPhone 
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Message 

From: Wooten, Ronald B Jr CIV USARMY CESWG (USA) [Ronald.B.Wooten@usace.army.mil] 

Sent: 3/10/2022 10:54:01 PM 
To: Hunt, Laura [Hunt.Laura@epa.gov]; Ziino, Julie A CIV USARMY CESWD (USA) [Julie.Ziino@usace.army.mil] 
Subject: RE: Matagorda Bay Visit: meeting agenda 
Attachments: W-0000-Suggested Agenda for March 17 Meeting.pdf 

Dr. Hunt, 

Please find the itinerary attached. 

We received notice that John Meyer would be attending in your place, in case this is new news? 

Have a great evening! 

Ron Wooten 

Outreach Specialist 

Planning, Programs, and Project Management Division U.S. Army Corps of Engineers, Galveston District 

2000 Fort Point Road 

Galveston, Texas 77550 
email: Ronal(tftWooten@usace.anny.mil 

Office: (409) 766-6381 

Cell: (409) 499-2880 

Online: www.swg.usace.army.mil 

DVIDS: www.dvidshub.net/units/US/\CE-GD 

T witter: YY.YY.Y.'!..,.t.~~f..iJt.~r_,_;;gu:3/!.J..?..6.~.fg~~-!Yf.~JS!.L! 
Facebook: www. facebook.corn/Galveston District 

From: Hunt, Laura <Hunt.Laura@epa.gov> 

Sent: Thursday, March 10, 2022 3:58 PM 

To: Wooten, Ronald B Jr CIV USARMY CESWG(USA)<Ronald.B.Wooten@usace.army.mil>; Ziino, Julie A CIV USARMY 

CESWD(USA)<Julie.Ziino@usace.army.mil> 

Subject: [Non-DoD Source] Matagorda Bay Visit: meeting agenda 

Hi Ron/Julie, 

Can you please forward me the agenda for the meeting on March 17. The itinerary says it is attached but I did not see 

it. Thanks so much, 

Laura Hunt, PhD 

Remedial Project Manager 
Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
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P: 214-665-9729 
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Suggested Agenda 

March 17 Meeting with Army Corps, EPA, and Community Stakeholders 

Part I: Meeting (Calhoun County Ag Building auditorium-311 Henry Barber Way) 10:30-
11:30 
I. Introductions (10 mins) 
II. Community Concerns about the Matagorda Ship Channel Dredging Project (35 mins) 

a. San Antonio Bay Estuarine Waterkeeper (Diane Wilson) 
b. Fishing community (Terrence Courtney, Mauricio Blanco, Veronica Briceno, 

Curtis Miller) 
c. Matagorda Bay Foundation (Bill Balboa) 
d. Lavaca Bay Foundation 
e. Scientists & Researchers (possibly Dr. Paul Montagna, Dr. Jessica Dutton, Dr. 

Jeremy Conkle, 

III. Questions & Discussion ( l 5mins) 

Part II: Tour of Bays on Fishing Boat (Miller's docks near Evelyn's-212 S Commerce St., 
Port Lavaca, TX 77979) 11:30-12:45pm 

I. Presentation of petition by fishermen to Mr. Pinkham 
II. Board Boat 
III. Return trip 
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Message 

From: 

Sent: 
To: 
CC: 

Subject: 

Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 

4/22/2021 3:57:21 PM 
Kaspar, Paul [kaspar.paul@epa.gov] 

Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil];Jacques, Wendy 
[Jacques.Wendy@epa.gov]; Hunt, Laura [Hunt.Laura@epa.gov]; Pinsky, Jeffrey F CIV USARMY CESWF (USA) 
[Jeffrey.F.Pinsky@usace.army.mil] 
RE: Follow up on the Matagorda Ship Channel 

Thank you Mr. Kaspar. Ill be in touch here in the near future. 

Thank you, 

Abe Pinon, P.E. 

Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 

Cell: (817) 223-7504 

Abram.Pinon@usace.army.mil 

From: Kaspar, Paul <kaspar.paul@epa.gov> 

Sent: Friday, April 16, 2021 5:30 PM 

To: Pinsky, Jeffrey F CIV USARMY CESWF(USA)<Jeffrey.F.Pinsky@usace.army.mil> 

Cc: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil>; Pinon, Abram CIV USARMY 

CESWF(USA)<Abram.Pinon@usace.army.mil>; Jacques, Wendy <Jacques.Wendy@epa.gov>; Hunt, laura 
<Hunt.laura@epa.gov> 

Subject: [Non-DoD Source] RE: Follow up on the Matagorda Ship Channel 

Jeff, 

Program contacts would be as follows: 

ODMDS 
Wendy Jacques 
Jacques.Wendy@lepa.gov 
214-665-7395 

Superfund 

laura Hunt 

H.~.!L!.t:J.A!:~.f.~i.@.f.P.~!.:g~?.Y. 
214-665-9729 

Have a great weekend! 

Paul Kaspar 

Environmental Engineer 
US. EPA - Region 6 (Houston lab) 

Water Division, NPDES/Wetlands Review Section (WDPN) 

10625 Fallstone Road 
Houston, TX 77099 
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Office: 214.665.7459 
Fax: 281.983.2124 
Email: kaspar.paul@lepa.gov 

From: Pinsky, Jeffrey F CIV USARMY CESWF (USA) <.Jeffrey:.FYinsky:@usace.am1y.mil> 

Sent: Thursday, April 15, 2021 8:27 AM 

To: Kaspar, Paul <kaspar.paul@lepa.gov> 

Cc: Ford, Christopher B CIV USARMY CESWF (USA) <~.h!J.~.t.9.PhfL.B..:f.9.rS.1.@.~.!.~.~~.f:.~ ... ~~.ffT.~.Y.:.U:!JJ>; Pinon, Abram CIV USARMY 
CESWF(USA)<Abrarn.Finon@lusace.armv.mil> 

Subject: Follow up on the Matagorda Ship Channel 

Paul, 

Thanks for helping us with our EPA coordination with this one. Brandon Ford is the Lead Biologist on this project and 

Abe Pinon is our Environmental Engineer. Mr. Pinion will likely need to meet with you Superfund folks on the dredging 
near Alcoa and with the folks who handle ODMDS sampling plans. 

Respectfully, 

Jeff Pinsky 

Chief, Compliance Section 
Regional Planning and Environmental Center 
Mobile: 409-224-2013 
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Message 

From: 

Sent: 
To: 
CC: 
Subject: 

Laura, 

Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 

10/14/20215:26:00 PM 
Hunt, Laura [Hunt.Laura@epa.gov] 
Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil] 

RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

I am currently awaiting a response from some team members. I will get a reply to you once I get all responses in. I am 

sorry of the delay. 

Abe Pinon, P.E. 

Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 
Cell: (817) 223-7504 
Abram.Pinon@usace.army.mil 

From: Hunt, Laura <Hunt.Laura@epa.gov> 

Sent: Thursday, October 14, 202111:34 AM 

To: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil> 

Cc: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.army.mil> 

Subject: [Non-DoD Source] RE: Alcoa (Point Comfort)/lavaca Bay Superfund Site: Matagorda Ship Channel 

Importance: High 

Brandon, 

A Community Advisory Board (CAB) meeting for the Alcoa/Lavaca Bay superfund site is scheduled for later this month. It 

is important that EPA have the latest update/status on the Matagorda Ship Channel project. Do you have availability for 

a call next week? Please let me know as soon as possible if you have any responses to my previous email. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 
Dallas, Texas 75270 
P: 214-665-9729 

From: Hunt, laura 

Sent: Tuesday, October 12, 2021 5:16 PM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <.(.b.r.i.?.t.9P.b.?..L .. l?. .. .f.9.f.9 .. @.!:!.?.?..;;g.,.£\.f.DJY,m.\.I.> 
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Cc: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.arrny.mil> 

Subject: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Hi Brandon, 

On May 14 you sent a re-cap email stating that there will be future meetings on the project's dredge material 

management plan and sediment testing plan. Do you have a status on those documents because I heard that a contract 

had been awarded for the sediment testing plan. EPA would like the opportunity to review and comment on the 

sediment testing and dredge material management plans. My concern is that the proposed dredge area is adequately 

characterized as there are still potential hotspot areas that exceed sediment RAOs for mercury within the Carp's project 

acrea. See attached results from recent sediment sampling conducted in the LNG terminal project area by Alcoa that is 

adjacent to the Carp's proposed turning basin area. 

Lastly, EPA is still awaiting to hear back on questions from our June 25 letter. Please provide a status update on the 
following: 

• Section 5 .3 .11 Water Quality and 5 .3 .12 Sediment Quality (p. 159 EIS): indicates that "Under 
the recommended plan, factors that could affect DO include the increase in both water 
circulation and salinity" and that "There is potentialfor a change in bay-bottom velocities due to 
a wider and deeper channel and the actions taken as part of the DA1MP." The predominant 
remedy in the closed area at the Alcoa (Point Comfort)/Lavaca Bay Superfund Site is monitored 
natural attenuation (MNA). Has the Corps evaluated with modeling or some other analysis 
whether changes in bay-bottom velocity could potentially have any impacts to site MNA? Also, 
has the Corps evaluated possible impacts to MNA from increased shipping activity? 

• Section 4.2.2 Impacted Sediments (p.49 EIS): states that "Based on the analyses. all average 
mercury concentrations were below the RAO of 0.25 mg/kgfor critical habitats (marsh-type) and 
therefore, there should be no restrictions on the use of the dredged material." EPA is requesting 
clarification on where the Corps intends to place dredge material removed from the closed area 
and whether there will be confirmatory sampling before disposal occurs. Placement of site 
associated material outside the superfund site may invoke land disposal restrictions. 

Please let me know when you are available to discuss this further. Thanks, 
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Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 
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Message 

From: 
Sent: 
To: 
Subject: 

Ms. Wilson, 

Wooten, Ronald B Jr CIV USARMY CESWG (USA) [Ronald.B.Wooten@usace.army.mil] 

3/15/2022 6:01:23 PM 
DIANE WILSON [wilsonalamobay@aol.com]; Hunt, laura [Hunt.laura@epa.gov] 
RE: [Non-DoD Source] March 17 meeting Matagorda ship channel 

So sorry, ma'am, here is our itinerary list with full participants for your meeting: 

Dep ASA(CW) Pinkham 
COL Vail 
Rex Ostrander 
Patricia Anslow 
Jeff Pinsky 
Franchelle Nealy 
Lynda Yezzi 

EPA: 
Dr. Earthea Nance, Regional 
Administrator, Region 6 
Dr. Carlton Waterhouse, Deputy 
Assistant Administrator for Land 
and Emergency Management, 
Office of Land and Emergency 
Management(t) 
John Meyer, Region 6 Superfund 

Matagorda Ship Channel Dianne Wilson 
Deputy Division Director 

Meeting with Deputy ASA(CW) Jaime 
Attendees: 

1030 1130 Pinkham 
Dianne Wilson, San Antonio Bay 

Please see attached agenda from Dianne 
Wilson 

Estuarine Waterkeeper 
Terence Courtney, Federation of 
Southern Cooperatives, organizer 
of Matagorda Bay Fisheries 
Cooperative 
Mauricio Blanco, commercial 
fisherman 
Veronica Briceno, commercial 
fishing family 
Curtis Miller, oystermen, fish house 
dealer 
R J Shelly, Calhoun County Marine 
agent 
Bill Balboa, Matagorda Bay 
Foundation 
Raymond Butler, Lavaca Bay 
Foundation 
Lauren Fleer, Environmental 
Integrity 
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Please let me know if there are any additions or errors here? Thanks! 

Ron Wooten 

Outreach Specialist 

Erin Gaines, Earth Justice 
Dr. Paul Montagna, Harte Research 
Institute for Gulf of Mexico Studies 
Dr. Jessica Dutton, research 
biologist in Lavaca Bay 
Dr. Jeremy Conkle, research 
biologist in Lavaca Bay 
Joanie Steinhaus, Turtle Island 
Restoration Network 

Planning, Programs, and Project Management Division U.S. Army Corps of Engineers, Galveston District 

2000 Fort Point Road 

Galveston, Texas 77550 

em a i I: R.9.U.'.:~J .. d.-.. !?..-.W.~?.~?J~n.\£? .. Y.!i~~-0.? . .-.'.:~.un.v..,.u:.!J. 
Office: (409) 766-6381 
Cell: (409) 499-2880 

0 n Ii n e: Y.'!..\!YXL.~YY.E: .. Y5~~-~?.:.'.:~L1J.\.Y..,.U!.!J. 
DVIDS: www.dvidshub.net/units/USACE-GD 

Twitter: www .twitter .corn/USACEgalveston 

Face book: Y.Y.~~f.YY..:.f.~Y:.~J!.Y.2~ .... ~S?.E.J0.~~-!Y?.?JS?.L!.P!.?.H:!.n. 

-----Original Message-----

From: DIANE WILSON <wilsonabrnobay@aoLcom> 

Sent: Tuesday, March 15, 2022 9:21 AM 

To: Wooten, Ronald B Jr CIV USARMY CESWG (USA) <.R.Q.D.£!.1.9 . .-.. \?..-.W.9.9..t.©..0 .. @.!:!.?.?..5;.?.,.£\.f.DJ..Y..,.CTJLI.>; Laura Hunt Epa 
<hunt.laura@epa.gov> 

Subject: [Non-DoD Source] March 17 meeting Matagorda ship channel 

Hi Ron and Laura, 

Could I have a list of participants from y'all's end? I am writing name cards for everyone at the meeting. Thanks so 

much! 

Diane 

Sent from my iPhone 
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Message 

From: 

Sent: 
To: 
CC: 

Subject: 

Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 

10/18/202112:39:16 PM 
Hunt, Laura [Hunt.Laura@epa.gov] 

Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil]; Finn, Lisa M CIV USARMY 
CESWG (USA) [Lisa.M.Finn@usace.army.mil];Nealy, Franchelle E CIV USARMY CESWG (USA) 
[Franchelle.E.Craft@usace.army.mil];Neill, Ashley N CIV USARMY CESWG (USA) [Ashley.N.Neill@usace.army.mil] 
RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Attachments: Meeting Minutes: Matagorda Ship Channel Project Discussion with EPA Superfund and Emergency Management 
Division (SEMO); [Non-DoD Source] RE: Meeting Minutes: Matagorda Ship Channel Project Discussion with EPA 
Superfund and Emergency Management Division (SEMO); MSC Expansion-Site Map 

Importance: High 

Laura, 

Good morning. Based on our telecon on 07-27-2021, USACE was under the impression that you did not need to see the 

sampling and analysis plan beforehand as documented in Part 2.e in the attached minutes. The locations being sampled 

are based on us piggybacking on Geotech borings in order to use their drilling equipment. That equipment/work is 

expensive that we weren't mobilizing ourselves. The proposed sampling areas were overlaid with our traditional 

sampling areas to evaluate on a historical context. I am still waiting on a response to your first question, but a response 

to your second question is provided below. 

1. Still waiting for a response. 

2. Based on Table 39 of the EIS, New Work material [excavation beyond the current maintenance levels] from the 

area around the ALCOA Superfund site will go to unconfined Placement Areas NP6 and NP7. Attached email 

provides a map that shows the placement areas. 

I am available at 1500 hrs tomorrow afternoon; however I would like to pull in some of our subject matter experts into 

the call if at all possible. Please let me know if the proposed time works for you and I will try to get as many of these 

people on the phone call with you. 

Thank you, 

Abe Pinon, P.E. 
Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 

Cell: (817) 223-7504 

Abram.Pinon@usace.army.mil 

From: Hunt, Laura <Hunt.Laura@epa.gov> 

Sent: Thursday, October 14, 2021 2:28 PM 

To: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.army.mil> 

Cc: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil> 

Subject: [Non-DoD Source] RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Hi Abe, 

Thank you for the update. Can we have a call on Monday or Tuesday? 
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Laura 

From: Pinon, Abram CIV USARMY CESWF (USA) <AbrarnJ>inon@usace.army.rnil> 

Sent: Thursday, October 14, 202112:26 PM 
To: Hunt, laura <HunLl.aura@epa,gov> 

Cc: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher,B,Ford@usace.armvsnil> 
Subject: RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Laura, 

I am currently awaiting a response from some team members. I will get a reply to you once I get all responses in. I am 

sorry of the delay. 

Abe Pinon, P.E. 

Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 

Cell: (817) 223-7504 

Abram.Pinon@usace.army.mil 

From: Hunt, Laura <Hunt.Laura@epa.gov> 

Sent: Thursday, October 14, 202111:34 AM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher.B.Ford@usace,army.rnil> 

Cc: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.arrny.mil> 

Subject: [Non-DoD Source] RE: Alcoa (Point Comfort)/lavaca Bay Superfund Site: Matagorda Ship Channel 

Importance: High 

Brandon, 

A Community Advisory Board (CAB) meeting for the Alcoa/Lavaca Bay superfund site is scheduled for later this month. It 

is important that EPA have the latest update/status on the Matagorda Ship Channel project. Do you have availability for 

a call next week? Please let me know as soon as possible if you have any responses to my previous email. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 
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From: Hunt, Laura 

Sent: Tuesday, October 12, 2021 5:16 PM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <.(.b.r.i.?.t.9P.b.?..L..\?.,.f.9.f.9 .. @.!:!.?.?..;;g_,_§.f.DJY,m.LI.> 
Cc: Pinon, Abram CIV USARMY CESWF (USA) </\bramYinon@usace,armyJnil> 

Subject: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Hi Brandon, 

On May 14 you sent a re-cap email stating that there will be future meetings on the project's dredge material 

management plan and sediment testing plan. Do you have a status on those documents because I heard that a contract 

had been awarded for the sediment testing plan. EPA would like the opportunity to review and comment on the 

sediment testing and dredge material management plans. My concern is that the proposed dredge area is adequately 

characterized as there are still potential hotspot areas that exceed sediment RAOs for mercury within the Carp's project 

acrea. See attached results from recent sediment sampling conducted in the LNG terminal project area by Alcoa that is 

adjacent to the Carp's proposed turning basin area. 

Lastly, EPA is still awaiting to hear back on questions from our June 25 letter. Please provide a status update on the 

following: 

• Section 5.3.11 Water Quality and 5.3.12 Sediment Quality (p. 159 EIS): indicates that "Under 
the recommended plan, factors that could affect DO include the increase in both water 
circulation and salinity" and that "There is potential for a change in bay-bottom velocities due to 
a wider and deeper channel and the actions taken as part of the DMMP." The predominant 
remedy in the closed area at the Alcoa (Point Comfort)/Lavaca Bay Superfund Site is monitored 
natural attenuation (MNA). Has the Corps evaluated with modeling or some other analysis 
whether changes in bay-bottom velocity could potentially have any impacts to site MNA? Also, 
has the Corps evaluated possible impacts to MNA from increased shipping activity? 

• Section 4.2.2 Impacted Sediments (p.49 EIS): states that "Based on the analyses, all average 
mercury concentrations were below the RAO of0.25 mg/kgfor critical habitats (marsh-type) and 
therefore. there should be no restrictions on the use of the dredged material." EPA is requesting 
clarification on where the Corps intends to place dredge material removed from the closed area 
and whether there will be confirmatory sampling before disposal occurs. Placement of site 
associated material outside the superfund site may invoke land disposal restrictions. 
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Please let me know when you are available to discuss this further. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 
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Message 

From: 
Sent: 
To: 
CC: 

Subject: 

Thanks Abe! 

Hunt, Laura [Hunt.Laura@epa.gov] 
8/3/2021 7:48:09 PM 
Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 
Simon Payne [Simon.Payne@tceq.texas.gov]; Nealy, Franchelle E CIV USARMY CESWG (USA) 
[Franchelle.E.Craft@usace.army.mil];Finn, Lisa M CIV USARMY CESWG (USA) [Lisa.M.Finn@usace.army.mil]; Neill, 
Ashley N CIV USARMY CESWG (USA) [Ashley.N.Neill@usace.army.mil];Ford, Christopher B CIV USARMY CESWF 
(USA) [Christopher.B.Ford@usace.army.mil];angela.m.lane_usace.army.mil [angela.m.lane@usace.army.mil]; 
Pinsky, Jeffrey F CIV USARMY CESWF (USA) [Jeffrey.F.Pinsky@usace.army.mil] 
[Non-DoD Source] RE: Meeting Minutes: Matagorda Ship Channel Project Discussion with EPA Superfund and 
Emergency Management Division (SEMO) 

From: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.army.mil> 

Sent: Sunday, August 1, 202111:07 PM 

To: Hunt, Laura <Hunt.Laura@epa.gov> 

Cc: Simon Payne <Simon.Payne@tceq.texas.gov>; Nealy, Franchelle E CIV USARMY CESWG (USA) 

<Franchelle.E.Craft@usace.army.mil>; Finn, Lisa M CIV USARMY CESWG(USA)<Lisa.M.Finn@usace.army.mil>; Neill, 

Ashley N CIV USARMY CESWG(USA)<Ashley.N.Neill@usace.army.mil>; Ford, Christopher B CIV USARMY CESWF (USA) 

<Christopher.B.Ford@usace.army.mil>;angela.m.lane_usace.army.mil <angela.m.lane@usace.army.mil>;Pinsky, Jeffrey 

F CIV USARMY CESWF(USA)<Jeffrey.F.Pinsky@usace.army.mil> 

Subject: Meeting Minutes: Matagorda Ship Channel Project Discussion with EPA Superfund and Emergency 

Management Division (SEMO) 

Importance: High 

Laura, 

Attached are meeting minutes from last week's call. Please let us know if you have any questions. 

Thank you, 

Abe Pinon, P.E. 

Environmental Engineer 

Regional Planning & Environmental Center 

Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 

Office: (817) 886-1064 

Cell: (817) 223-7504 

Abram.Pinon@lusace.army.mil 

NOTICE: This information is For Official Use Only. The contents of this email, including any attachments, must not be 

disclosed, directly or indirectly, to any person not authorized by the agency to receive such information. Unauthorized 

disclosure of such information may subject the individual making the release to civil and criminal penalties. See, e.g., 18 

U.S.C. § 641; 5 C.F.R. § 2635.703. 

Do not release under the Freedom of Information Act, 5 U.S.C. § 552 (FOIA). This message [or document] contains 

personal and confidential information for the intended recipients and contains pre-decisional advice or information 

which is protected from disclosure under FOIA. Do not copy or release without prior authorization from the originator. 

Any review or distribution without consent is strictly prohibited. If you have received this information in error, please 

notify the sender immediately. 

ED_013073_00000065-00001 



Message 

From: 

Sent: 
To: 
CC: 
Subject: 
Attachments: 

Simon, 

Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 

8/2/20211:29:00 PM 
Simon Payne [Simon.Payne@tceq.texas.gov] 
Hunt, Laura [Hunt.Laura@epa.gov] 
MSC Expansion-Site Map 
Pages from MSC_App_E_DMMP _for _FINAL_2019-08-02.pdf 

Attached is a map that identifies the placement areas for the project as reported in the EIS. The existing channel is 

undergoing a deepening and widening. 

Thanks, 

Abe Pinon, P.E. 

Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 

Cell: (817) 223-7504 

Abram.Pinon@usace.army.mil 

NOTICE: This information is For Official Use Only. The contents of this email, including any attachments, must not be 

disclosed, directly or indirectly, to any person not authorized by the agency to receive such information. Unauthorized 

disclosure of such information may subject the individual making the release to civil and criminal penalties. See, e.g., 18 
U.S.C. § 641; 5 C.F.R. § 2635.703. 

Do not release under the Freedom of Information Act, 5 U.S.C. § 552 (FOIA). This message [or document] contains 

personal and confidential information for the intended recipients and contains pre-decisional advice or information 

which is protected from disclosure under FOIA. Do not copy or release without prior authorization from the originator. 

Any review or distribution without consent is strictly prohibited. If you have received this information in error, please 

notify the sender immediately. 
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15000 
d 

r ...................... : Sand Engine (SE) (New Work and Maintenance Dredge Material) 

I I Unconfined Beneficial Use (New Work and Maintenance Dredge Material) 

I I Confined Placement Area (New Work and Maintenance Dredge Material) 

! J Unconfined Placement Area (Maintenance Dredge Material) 

All open water New Work PAs are 1,500 ft from channel toe except for SE which is 1,400 ft from channel toe SoU'lhwestofthe Southwest Jetty and NP7 which is 2,500 ft from channel toe. Discharge zone at Sundown Island is 3,300 ft from channel toe. 
Lengths al all open water New Work PAs are 6,000 ft long except for 05 which is 11,600 ft long, SE which is 2,400 fl long, NP2 which is 26,000 fl long, and NP3 which is 12,000 long. 
Widths of all open water New Work PAs are 2,400 fl wide except for05 which is 10,000 ft wide, SE which is 3,000 ft wide, NP4 which is 1,800 ft wide, and NP5 which is 1,800 ft wide. 

MAINTENANCE MATERIAL PLACEMENT PLAN SUMMARY 
All open water Maintenance PAs are 3,900 ft from channel toe except for PA 1 which is 1,000 ft from channel toe, SE which is 1,400 ft from channel toe Southwest of the Southwest Jetty, and NP7 which is 4,900 ft from channel toe. Discharge zone at Sundown Island is 3,300 ft from channel toe. 

lengths of all open water Maintenance PAs are 6,000 ft long except for PA1 which is 5,100 ft long and SE which is 2,400 ft long. 
Widths of all open water Maintenance PAs are 2,400 ft wide except for PA 1 which is 3,900 ft wide, SE which is 3,000 ft wide, and OP8 which is 1,800 fl: wide. 
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Message 

From: 

Sent: 
To: 
CC: 
Subject: 
Attachments: 

Ms. Hunt, 

Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 

5/11/2021 8:56:12 PM 
Hunt, Laura [Hunt.Laura@epa.gov] 
Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil] 

RE: Alcoa (Point Comfort) Superfund Site 
ATIOOOOl.txt 

Thank you for your email. Mr. Ford will be in contact with you soon to set something up. 

Thank you, 

Abe Pinon, P.E. 
Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 

Cell: (817) 223-7504 

Abram.Pinon@usace.army.mil 

From: Hunt, Laura <Hunt.Laura@epa.gov> 

Sent: Monday, May 10, 2021 2:16 PM 

To: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.army.mil> 

Subject: [Non-DoD Source] Alcoa (Point Comfort) Superfund Site 

Hi Abe, 

I am the RPM for the Alcoa superfund site and would like to set up a call to discuss the upcoming projects scheduled for 

the Matagorda ship channel. Is there a time that is best for you? 

Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 
Dallas, Texas 75270 
P: 214-665-9729 

Follow EPA Region 6 on: 
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Message 

From: 

Sent: 
To: 
Subject: 

Ms. Wilson, 

Wooten, Ronald B Jr CIV USARMY CESWG (USA) [Ronald.B.Wooten@usace.army.mil] 

3/15/2022 9:35:40 PM 
wilsonalamobay@aol.com; Hunt, Laura [Hunt.Laura@epa.gov] 
RE: [URL Verdict: Neutral]Fwd: [Non-DoD Source] March 17 meeting Matagorda ship channel 

An updated agenda would be most appreciated. I'll provide to our team as received. 

Thanks! 

Have a great evening! 

Ron Wooten 
Outreach Specialist 
Planning, Programs, and Project Management Division U.S. Army Corps of Engineers, Galveston District 
2000 Fort Point Road 
Galveston, Texas 77550 
email: Ronald.B.Wooten@usace.arrnv.mil 
Office: (409) 766-6381 
Cell: (409) 499-2880 

Online: ww1,v.swg.usace.armv.mil 
DVIDS: www.dvidshub.net/units/USACE-GD 

T witter: ww..w.,.t.w..!.tts:.r..:;qm/.V.~.A.\J_g_§_ly?..~t.9..D. 
Facebook: www. f acebook.corn/Galveston District 

From: wilsonalamobay@aol.com <wilsonalamobay@aol.com> 

Sent: Tuesday, March 15, 2022 2:46 PM 
To: Wooten, Ronald B Jr CIV USARMY CESWG(USA)<Ronald.B.Wooten@usace.army.mil>; hunt.laura@epa.gov 
Subject: [URL Verdict: Neutral] Fwd: [Non-DoD Source] March 17 meeting Matagorda ship channel 

Hi Ron, 
Thank you both so much for the update. There were several cancellations on our end which I updated. Should I send 
ya'll the most current agenda that we have for Thursday? I can do that tomorrow if ya' II like. Thanks! 
Sincerely 
Diane 

-----Original Message-----
From: Wooten, Ronald 8 Jr CIV USARMY CESWG(USA)<Ronald.8.Wooten@usace.army.mil> 
To: DIANE WILSON <wilsonalamobay@aol.com>; Laura Hunt Epa <huntlaura@epa.gov> 
Sent: Tue, Mar 15, 2022 1 :01 pm 
Subject: RE: [Non-DoD Source] March 17 meeting Matagorda ship channel 

Ms. Wilson, 

So sorry, ma'am, here is our itinerary list with full participants for your meeting: 
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Matagorda Ship Channel Dianne Wilson 
Meeting with Deputy ASA(CW) Jaime 

1030 1130 Pinkham 
Please see attached agenda from Dianne 
Wilson 

Please let me know if there are any additions or errors here? Thanks! 

Ron Wooten 
Outreach Specialist 

ED_013073_00000070-00002 

Dep ASA(CW) Pinkham 
COL Vail 
Rex Ostrander 
Patricia Anslow 
Jeff Pinsky 
Franchelle Nealy 
Lynda Yezzi 

EPA: 
Dr. Earthea Nance, Regional 
Administrator, Region 6 
Dr. Carlton Waterhouse, Deputy 
Assistant Administrator for Land 
and Emergency Management, 
Office of Land and Emergency 
Management(t) 
John Meyer, Region 6 Superfund 
Deputy Division Director 

Attendees: 
Diane Wilson, San Antonio Bay 
Estuarine Waterkeeper 
Terence Courtney, Federation of 
Southern Cooperatives, organizer 
of Matagorda Bay Fisheries 
Cooperative 
Mauricio Blanco, commercial 
fisherman 
Guillermina Alverz, commercial 
fishing family 
Curtis Miller, oystermen, fish house 
dealer 
R J Shelly, Calhoun County Marine 
agent 
Bill Balboa, Matagorda Bay 
Foundation 

Lauren Fleer, Environmental 
Integrity 
Erin Gaines, Earth Justice 
Dr. Paul Montagna, Harte Research 
Institute for Gulf of Mexico Studies 
Dr. Jeremy Conkle, research 
biologist in Lavaca Bay 
Joanie Steinhaus, Turtle Island 
Restoration Network 



Planning, Programs, and Project Management Division U.S. Army Corps of Engineers, Galveston District 
2000 Fort Point Road 
Galveston, Texas 77550 
email: Ronaid.8.Wooten@usace.army.rnH 
Office: (409) 766-6381 
Cell: (409) 499-2880 
Online: www.swq.usace.army.rnil 
DVIDS: www.dvidshub.net/units/USACE-GD 
Twitter: vwvw. t\!IJitter. com/USAC Eq a lveston 
Facebook: www.facebook.com/GalvestonDistrict 

-----Original Message-----
From: DIANE WILSON <wilsonalamobay@aol.com> 
Sent: Tuesday, March 15, 2022 9:21 AM 
To: Wooten, Ronald B Jr CIV USARMY CESWG (USA)<Ronald.B.Wooten@usace.army.mil>; Laura Hunt Epa 
<hunt.laura@epa.gov> 
Subject: [Non-DoD Source] March 17 meeting Matagorda ship channel 

Hi Ron and Laura, 
Could I have a list of participants from y'all's end? I am writing name cards for everyone at the meeting. Thanks so 

much! 
Diane 

Sent from my iPhone 
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Message 

From: 
Sent: 
To: 
CC: 

Subject: 
Attachments: 

Dear Laura, 

Kostarelos, Konstantinos CIV USARMY USACE (USA) [Konstantinos.Kostarelos@usace.army.mil] 

5/23/2022 3:40:22 PM 
Hunt, Laura [Hunt.Laura@epa.gov] 
angela.m.lane_usace.army.mil [angela.m.lane@usace.army.mil]; Pinon, Abram CIV USARMY CESWF (USA) 
[Abram.Pinon@usace.army.mil]; Roman-Sanchez, Ramon CIV USARMY CESWF (USA) 
[Ramon.R.Sanchez@usace.army.mil];Pinsky, Jeffrey F CIV USARMY CESWF(USA)[Jeffrey.F.Pinsky@usace.army.mil]; 
Nealy, Franchelle E CIV USARMY CESWG (USA) [Franchelle.E.Craft@usace.army.mil] 
Conceptual Draft Sampling Plan (CDSP) 
Supplemental sediment sampling plan to assist PED_17.May.2022.pdf 

I trust you are well. 

We are sending our Conceptual Draft Sampling Plan (CDSP) attached to this email for your preliminary review. If 

possible, we would be happy to discuss any comments from you and your team as we continue developing the plan. 

I did receive some additional data from Calhoun Port Authority this morning that is recent and I will add it to the report 

in section of the CDSP that reviews the historic sampling and data, so while this Draft will change slightly, the most 

relevant parts pertaining to the proposed sampling event will not be revised until we have a chance to hear from you. 

Cheers, - Dino 

Konstantinos Kostare!os, PhD, PE 

Envirnnrnental Engineering and Science Section 
Regional Planning & Environmental Center (RPEC) 

US Army Corps of Engineers 

2000 Fort Point Hd 

Galveston, Tx 77550 

Cl: 409··766·-3804 
M: 817-739-8813 

Konstanti nos. Kostarelos@usace .arrny.m ii 
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I. Project Overview 

Conceptual Draft Sampling Plan 

Matagorda Ship Channel Improvement Project 

In brief, the Matagorda Ship Channel Improvement Project (MSCIP) consists of two overarching objectives 

that are intended to improve transportation safety and improve environmental features of the site and 

adjacent areas. The two objectives are to deepen and widen the existing ship lane and enlarge the existing 

turning basin. The existing waterway is currently dredged on a 3-year cycle and the MSCIP has considered 

the future dredging needs and future placement areas of dredged sediment. In addition, the MSCIP has 

developed plans to manage the dredged material resulting from the project into seven new placement 

areas and create 162 acres of oyster reef to mitigate existing oyster reef acreage that will likely be 

damaged during the project construction phase. In addition, clean sand will be used to create a sand trap 

and a sand engine to combat beach erosion near the project. A sand engine is a new, unique approach 

developed to nourish beaches in a natural, low-carbon way. 

A part of the MSCIP involves sediment disturbance in the Lavaca Bay Closed Area; an area with restricted 

use due to mercury in sediment. Any dredged material containing mercury above 0.5 parts per million 

(ppm) will be handled by the Aluminum Company of America (Alcoa) under a Record of Decision and as 

outlined in the approved approach in the Sediment Management Framework (Figure 2-24, p. 2-109) in 
the Final Feasibility Study (Alcoa, May 2001). Current U.S. Army Corps of Engineers (USACE) efforts involve 

conducting additional sampling, where warranted, to assist the current pre-construction engineering and 

design (PED) process that is actively being executed by the USACE-Galveston District. This Conceptual 

Draft Sampling Plan (CDSP) was developed after a USACE-Regional Planning and Environmental Center 

(RPEC) review of historical data sets from 2005, April 2007, November 2011, April 2012, March 2019, July 

2021, and January 2022. The overall goal of this CDSP plan is to close any data gaps needed for the PED 

process. 

II. Current Data 

The Matagorda Ship Channel crosses the Lavaca Bay Superfund Site, where there is potential for 

encountering mercury-impacted sediments during dredging activities. The Alcoa facility was the source of 

mercury contamination between 1966 and 1970. Since then, efforts have been made to restore the area 

and the open water clean-up goals were achieved in 2005. A summary of recent data sets concerning the 

presence of mercury in Lavaca Bay sediments as it relates to the MSCIP is as follows: 

Matagorda Channel Sediment, Water, and Elutriate Sampling Study February 2007 

Source: Appendix E2 Matagorda Ship Channel Construction Material Contaminants Assessment. April 2007 

The purpose of this sampling event was to assess the potential environmental impact from the dredging 

of sediment from the MSC and placing it in the Ocean Dredged Material Disposal Site (ODMDS). Fifteen 

channel sites and 9 reference sites were sampled (see Figure A-1 in Appendix A) for water and sediment 

and later composited. The screening criteria for mercury in this sampling were National Oceanic and 

Atmospheric Administration's (NOAAs) Effects Range Low (ERL) 20.9 mg/kg. All samples were reported as 

below the detection limit (0.2 mg/kg) and thus well below the ERL. 

1 
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MSC Improvement Project 2009 Environmental Impact Statement 

Source: Engineering Appendix Revised July 2014 Matagorda Ship Channel Improvement Project 

Approval of the MSC Expansion project required the submission of an Environmental Impact Statement 

(EIS), so in November 2005 Alcoa performed a sediment study in which 38 samples were collected from 

23 sampling stations (Figure A-2). Discrete sediment samples were collected at depths of approximately 

2.0 ft and 4.5 ft within the proposed turning basin and proposed channel improvement areas in Lavaca 

Bay (within Closed Area and the wider Lavaca Bay). 

Concentrations ranged from 0.0024 mg/kg to a maximum concentration of 0.543 mg/kg, with 0.5 mg/kg 

being the Environmental Protection Agency's (EPA's) remedial action objective. Two samples exceeded 

the remediation value of 0.5 mg/kg set for the Alcoa Site: one outside the project area (LNG0018; Hg = 

0.543 mg/Kg), and a second (LNG 0016; Hg= 0.502) located at the western edge of the turning basin area. 

Both sediment samples were obtained at a depth between 0 and 2 ft below mudline. 

USACE 2012 Sampling Event 

Source: Matagorda Ship Channel - Entrance Channel Contaminant Assessment. April 2012 

The purpose of this sampling event was to determine the potential environmental impact of Matagorda 

Ship Channel Entrance Channel dredged material (MSC-EC) during operations/placement. Core samples 

were taken at nine channel sites and three Placement Area (PA) sites (Figure A-3). Samples for sediment, 

water and elutriate analyses or bioassessment were taken between 0 and 3 ft below mudline and later 

composited into three channel samples and one PA sample. It was determined that the screening criteria 

for this effort would be the Texas Water Quality Standard (TWQS) - Saltwater Acute Criteria (2.1 µg/L). 

Elutriate results show increases in antimony, nickel, zinc, and ammonia concentrations, upon elutriate 

preparation at all channel stations, and a decrease in copper concentrations. However, all mercury results 

were below the reporting limit (<0.2 mg/kg) and thus well below the TWQS Saltwater Acute Criteria 

(2.1 µg/L). This study did not find cause for concern in the chemical analyses or bioassays that would 

obstruct placement of these sediments, under the guidance provided by the Regional Implementation 

Agreement (RIA) and/or the Task Order (TO). 

USACE 2018 Sampling Event 

Source: Sampling and Chemical Analysis Matagorda Ship Channel - Matagorda Peninsula to Point 

Comfort, Calhoun County, Texas. March 2019 

This sampling effort was intended to inform routine maintenance dredging operations within MSC from 

Matagorda Peninsula to Point Comfort, to comply with requirements of the Clean Water Act. Sediment, 

water, and elutriate samples were collected from six-five locations throughout Matagorda Bay. Grab 

samples were taken at a depth of 0.5 ft to 1.0 ft below mudline to represent the maintenance dredging 

prism. The sediment samples taken within the existing federal channel were composited to create 

twenty-two samples (Figure A-4) for analysis. All sediment samples present mercury levels below EPA's 

remedial action objective of 0.5 mg/kg established for the Alcoa Site. 

Elutriate testing provides information on mercury that may be dissolved into the water column during 

dredging and open-water placement and/or presents "worst case" in the elutriate discharge from an 

Upland Confined Placement Area. Mercury levels in all elutriate samples were below the detection level 
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of 0.150 µg/l, in agreement with routine testing since 1987. The screening criteria for this analysis was 

the Texas Surface Water Quality Standard 2.1 µg/l. 

Calhoun Port Authority I Alcoa Corporation liquid Docks Project sampling March-July 2021 

Source: Alcoa correspondence to US EPA and TCEQ dated August 26, 2021 Re: Sediment Sample Results 

and Dredge Plan in Support of the Calhoun Port Authority {CPA} Liquid Docks Project 

Between March and July 2021, the Alcoa Corporation sampled 54 locations in support of the Calhoun Port 

Authority liquid Docks Project, east of the proposed expansion of the MSC turning basin area (Figure 5), 

at depths of 0-6 ft below sediment surface. Of these 54 samples, 11 were measured to have 

concentrations above the remedial action objective of 0.5 mg/kg established for the site. Three discrete 

areas were delineated and confined with silt curtains, and approximately 31,000 cubic yards (CY) of 

sediment were mechanically dredged and placed at Dredge Island. 

Calhoun Port Authority 2022 

Source: Calhoun Port Authority; Final Report forthcoming 

In January 2022, 26 environmental samples were taken throughout Matagorda Bay for water, sediment 

and elutriate analyses. A final report was not generated for this data at the time of preparing this CDSP 

(May 12, 2022). Sampling locations for this effort is based on sheet CN 126 of the January 30, 2022, Final 

Geotechnical Report prepared by Tolunay-Wong Engineers, Inc. All samples were taken inside of the 

federal channel (existing and proposed). Core samples were drilled from mudline to a depth of 59 feet 

below mean lower low water (MLLW) that represents the dredging prism. 

All sediment samples present mercury levels below EPA's remedial action objective of 0.5 mg/kg set for 

the Alcoa Site. Elutriate testing was performed to simulate both mixing at the dredge site and decant 

water from a placement site. Mercury levels in elutriate were below the detection level of 0.150 µg/l. The 

screening criteria for this analysis was the Texas Surface Water Quality Standard 2.1 µg/l. Water, elutriate 

and sediment analyses show no mercury concerns with sediment dredging/resuspension and placement 

operations. 

Ill. Proposed Sampling Collection Technique and Analyses 

a. Sampler - VibraCore, continuous core samples. This sampling technique is ideally suited for 

soft sediments found in the marine environment. The technique relies on vibration at the 

outer walls of the sampler to re-arrange sediment particles, allowing the sampler to advance 

vertically with minimal force. The resulting core is usually continuous that can be sectioned 

upon retrieval. Since the sample collection is targeting the upper sediments overlying a layer 

of stiff clay, the sampler will conveniently stop advancing when encountering refusal. 

b. Depths - from mudline to channel expansion depth OR top of stiff clay (refusal); whichever is 

encountered first. 

c. Intervals - Core sectioned into approximately 3-feet lengths, grab samples, homogenized 

with respect to the interval. Where the sediment layer being sampled is at least 6 feet in 

thickness, the core will be sectioned into 3-feet intervals yielding at least 2 samples for 

analyses (see Table C-1); where the layers are between 4 and 5 feet in thickness, the core will 

be sectioned into 2 intervals ranging between 2 and 3 feet in length. The sectioning of the 

3 
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core will help to better delineate the presence of mercury-laden sediment, if detected, within 

upper or lower sediment layers. 

d. Analyses - Sediment and elutriate analyses will mirror previous mercury studies at the MSC. 

As such, U.S. EPA Method 200.8 or 245.1, found in the latest version of SW-846 Test Methods 

for the Evaluation of Solid Waste, must be followed. Both methods are suitable for sediment 

analysis and are sensitive enough (limit of detection - LOO 0.2 mg/kg) to meet the screening 

criteria for this effort (0.5mg/kg). EPA SW-846 method 7474 can also be used, although such 

a sensitive method (detection limit - DL ~ O.OOlmg/kg) is not warranted. To ensure data is of 

the highest quality, contracted laboratories must be accredited by both the Texas Commission 

on Environmental Quality (TCEQ LAP) and the National Environmental Laboratory 

Accreditation Program (NELAP). Further sampling and analysis information can be found in 

the Sampling and Analysis Plan (SAP). See Appendix D. 

IV. Locations 

The locations outlined in Table C-1 (see Appendix C) are proposed after review of historic data. 

Proposed sampling locations considered the data resulting from prior sampling and analyses of 

sediment (2005, 2007, 2012, 2018, 2021, and 2022) in order to address data gaps as a part of 

planning for the MSCIP. An area that is a part of an upcoming Alcoa study outlined in Figures B-1 

and B-2 found in Appendix B were avoided to preclude duplication of effort. 

V. Schedule 

USACE-RPEC will issue a task order to produce a sampling plan, field execution, and report 

development of the activities described in this CDSP. USACE-RPEC anticipates awarding a task 

order in late Summer 2022, with field sampling occurring Fall 2022 and Final Report (analytical 
results) available early 2023. This schedule assumes funding approval for USACE to move forward 

with investigations. 

4 
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Appendix A 

Historic Sample locations 

Figures A-1 through A-5 

5 



Figure A-1. Sediment and water sampling stations. 
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Figure A-2. Locations of the 2005 MSC core samples. 

ED_013073_00000072-00006 

6 

$.:-cirr.c-r.taridWat<>r 
S::.-mrJ11'1!J S!.;i~""~ 

URS Corpornt3on 

M;;u;30r(;la;;tiopi::t.mr.f<i 
P•.,...C:••<>1<;i.,.Se<ol1r,,.,,,:;oarr.pi•">::I 



Figure A-3. MSC-EC sampling locations. ABC denotes composited samples. 

Figure A-4. Sample locations for the 2018 sampling event not including Placement Area or Reference Area samples. 
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Figure A-5. Sampling locations and areas delineated/defined with silt curtains. Hot spots (purple icons) remediated 

under federal permit for the Calhoun Port Authority Liquid Docks Project (SWG-2016-01066). 
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Appendix B 

Proposed Sample Locations 

Figures B-1and B-2 
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Notes: 

1. Aerial image obtained from Google Earth. 
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2. The points in the map show three things (from top to bottom): Point#, mercury concentration, and point description. The description identifies the point name as originally identified in each respective report. The Point# is based on a number 
assigned by USACE-RPEC personnel. Brackets in the description (e.g., "(A-MC-SD-001)"), means the concentration shown for that point actually comes from the composite sample's result. For example, for Points 143 through 145, the result of 12.5 mg/kg for 
sample location "MSC-EC-12-0lA, B, and C" is not 12.5 mg/kg, rather the result for the composite analyses of MSC-EC-12-01 (which is made up of MSC-EC-12-01A, B, and C) is what resulted in a 12.5 mg/kg concentration. A "O" in the concentration means 
reported results were below analytical detection level limits (i.e., <0.2). 

3. There is no recorded coordinates and analytical results for samples collected in 2011 (e.g., M-PC-11-23C}. A no concentration value in the displayed points indicate no mercury results for that sample. Coordinates for the 2011 data was assumed to mirror 
coordinates of samples collected under the 2018 sampling event (e.g., M-PC-18-23C). A sample collected in 2011 and not in 2018 was randomly applied a coordinate of E: 2750000 N:13400000. 
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Aerial image obtained from Google Earth. 
The points in the map show three things (from top to bottom): Point#, mercury concentration, and point description. The description identifies the point name as originally identified in each respective report. The Point# is based on a number 
assigned by USACE-RPEC personnel. Brackets in the description (e.g., "(A-MC-SD-001)"), means the concentration shown for that point actually comes from the composite sample's result. For example, for Points 143 through 145, the result of 12.5 mg/kg for 
sample location "MSC-EC-12-0lA, B, and C" is not 12.5 mg/kg, rather the result for the composite analyses of MSC-EC-12-01 (which is made up of MSC-EC-12-01A, B, and C) is what resulted in a 12.5 mg/kg concentration. A "O" in the concentration means 
reported results were below analytical detection level limits (i.e., <0.2). 
There is no recorded coordinates and analytical results for samples collected in 2011 (e.g., M-PC-11-23C}. A no concentration value in the displayed points indicate no mercury results for that sample. Coordinates for the 2011 data was assumed to mirror 
coordinates of samples collected under the 2018 sampling event (e.g., M-PC·18-23C). A sample collected in 2011 and not in 2018 was randomly applied a coordinate of E: 2750000 N:13400000. 

ED_013073_00000072-00011 

US Army Corps of 
Engineers® 

• 
~ 
2 

2 

r~ 

~ 

~ 
~ 



ED_013073_00000072-00012 

Appendix C 

Proposed Sampling Labels and Location Coordinates 

Table C-1 



Table C-1: Proposed Sampling Labels and Location Coordinates. 

General Location Proposed Easting Northing Number of Rationale 
(Station) Sample Label 1 Samples2 

113+000 M-PC-22-01 2750092.85 13423845.10 TBD Composited samples 283/286 was 0.26 ppm Hg; obtain grab 
samples to ensure no one location is above 0.5 ppm 

113+000 M-PC-22-02 2750141.60 13423932.41 TBD Composited samples 283/286 was 0.26 ppm Hg; obtain grab 
samples to ensure no one location is above 0.5 ppm 

113+000 M-PC-22-03 2750041.61 13423930.97 TBD Composited samples 283/286 was 0.26 ppm Hg; obtain grab 

samples to ensure no one location is above 0.5 ppm 

114+600 M-PC-22-04 2751059.84 13425337.46 Composited samples 212, 213, 214 were 0.18 ppm Hg; obtain grab 
samples to ensure no one location is above 0.5 ppm 

114+600 M-PC-22-05 2751119.84 13425257.47 Composited samples 212, 213, 214 were 0.18 ppm Hg; obtain grab 

samples to ensure no one location is above 0.5 ppm 

114+600 M-PC-22-06 2751183.99 13425180.75 Composited samples 212, 213, 214 were 0.18 ppm Hg; obtain grab 
samples to ensure no one location is above 0.5 ppm 

117+000 M-PC-22-07 2752828.46 13426690.15 TBD Composited samples 215, 216, 217, 218, 219 were 0.20 ppm Hg; 

obtain grab samples to ensure no one location is above 0.5 ppm 

117+000 M-PC-22-08 2752897.94 13426618.24 TBD Composited samples 215, 216, 217, 218, 219 were 0.20 ppm Hg; 

obtain grab samples to ensure no one location is above 0.5 ppm 

117+000 M-PC-22-09 2752836.46 13426477.15 TBD Composited samples 215, 216, 217, 218, 219 were 0.20 ppm Hg; 

obtain grab samples to ensure no one location is above 0.5 ppm 

1 legend for sample labeling: M=Matagorda; PC=Point Comfort; 22=2022; Ol=location numbering; A=first interval regarding depth from mudline. Cores longer 
than 3 feet were sectioned into upper layer (i.e., A) and lower layer (B). 
2 locations where the sediment layer permits sectioning, the core will yield more than 1 sample; the estimated number of samples based on preliminary data 
of the sediment layer thickness may change depending on actual field conditions. 
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117+000 M-PC-22-10 2752905.94 13426405.24 TBD Composited samples 215, 216, 217, 218, 219 were 0.20 ppm Hg; 

obtain grab samples to ensure no one location is above 0.5 ppm 

117+000 M-PC-22-11 2752844.46 13426265.15 TBD Composited samples 215, 216, 217, 218, 219 were 0.20 ppm Hg; 

obtain grab samples to ensure no one location is above 0.5 ppm 

117+000 M-PC-22-12 2752913.94 13426193.24 TBD Composited samples 215, 216, 217, 218, 219 were 0.20 ppm Hg; 

obtain grab samples to ensure no one location is above 0.5 ppm 

117+000 M-PC-22-13 2752853.46 13426053.15 TBD Composited samples 215, 216, 217, 218, 219 were 0.20 ppm Hg; 
obtain grab samples to ensure no one location is above 0.5 ppm 

117+000 M-PC-22-14 2752922.94 13425981.24 TBD Composited samples 215, 216, 217, 218, 219 were 0.20 ppm Hg; 

obtain grab samples to ensure no one location is above 0.5 ppm 

117+000 M-PC-22-15 2752855.12 13425832.79 TBD Composited samples 215, 216, 217, 218, 219 were 0.20 ppm Hg; 
obtain grab samples to ensure no one location is above 0.5 ppm 

117+500to M-PC-22-16 2753595.75 13426583.47 TBD Increase sample density closer to shoreline/docks 
118+324 

117+500to M-PC-22-17 2753618.78 13426037.88 TBD Increase sample density closer to shoreline/docks 

118+324 

117+500to M-PC-22-18 2754199.22 13426513.86 TBD Increase sample density closer to shoreline/docks 
118+324 

117+500to M-PC-22-19 2754218.25 13426063.19 TBD Increase sample density closer to shoreline/docks 

118+324 

TBD total 
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Appendix D 

Analytical Methods and Target Analytes 

Table D-1 



Table D-1. Analytical Methods and Target Analytes. 

EPA 200.8 ·Metals, Total 

Antimony Mercury 

Arsenic Nickel 

Beryllium Selenium 

Cadmium Silver 

Chromium Thallium 

Copper Zinc 

Lead 

EPA 350.2- Total Kjeldahl Nitrogen 

Ammonia as N 

SW846 7196- Cr(Vf) 

Chromium, Hexavalent 

SW846 7471 

Mercury 

SW846 8081 - Organochlorine Pesticides 

4,4-DDD Endosulfan II 

4,4-DDE Endosulfan sulfate 

4,4-DDT Endrin 

a-BHC Endrin aldehyde 

a-Chlordane Endrin ketone 

Aldrin g-BHC 

b-BHC Heptachlor 

Chlordane Heptachlor epoxide 

d-BHC Toxaphene 

Dieldrin y-Chlordane 

Endosulfan I 

SW846 8082A - PCBs 

Total PCBs 

SW846 82700 - SVOCs 

1,2,4-Trichlorobenzene Benzo(k)fluoranthene 

1,2-Dichlorobenzene Bis(2-chloroethoxy) methane 

1,2-Diphenylhydrazine as Azobenzene Bis(2-chloroethyl) ether 

1,3-Dichlorobenzene Bis(2-chloroisopropyl) ether 

1,4-Dichlorobenzene Bis(2-ethylhexyl )phthalate 

2,4,6-Trichl orophenol Butyl benzyl phthalate 

2,4-Dichlorophenol Chrysene 

2,4-Dimethyl phenol Dibenzo(a,h)anthracene 

2,4-Dinitrophenol Diethyl phthalate 

2,4-Dinitrotoluene Dimethyl phthalate 

2,6-Dinitrotoluene Di-n-butyl phthalate 

2-Chloronaphthalene Di-n-octyl Phthalate 

2-Chlorophenol Fluoranthene 

2-N itrophenol Fluorene 

3,3-Dichlorobenzidine Hexachlorobenzene 

4,6-Dinitro-2-methylphenol Hexachlorobutadiene 

4-Bromophenyl phenyl ether Hexachlorocyclopentadiene 

4-Chloro-3-methylphenol Hexachloroethane 
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4-Chlorophenyl phenyl ether lndeno(l,2,3-cd)pyrene 

4-N itrophenol lsophorone 

Acenaphthene Naphthalene 

Acenaphthylene Nitrobenzene 

Anthracene n-Nitrosodimethylamine 

Benzi dine n-nitroso-di-n-propylamine 

Benzo(a)anthracene n-Nitrosodiphenylamine 

Benzo(a)pyrene Pentachlorophenol 

benzo(b&k)fluoranthene Phenanthrene 

Benzo(b )fluoranthene Phenol 

Benzo(g,h,i)perylene Pyrene 

SW846 9014 ·Cyanide 

Cyanide, Total 

SW846 9060A-TOC 
Total Organic Carbon 

TCEQ 1005 ·Total Petroleum Hydrocarbons 
>C12-C28 C6-C12 

>C12-C35 TPH, C6-C35 

>C28-C35 

Miscellaneous Parameters 

Total Volatile Solids Grain Size (clay) 

Grain Size (sand) Total Solids/ Dry Weight 

Grain Size (silt) Percent(%) Moisture 
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Message 

From: Ford, Christopher B CIV USARMY CESWF(USA)[Christopher.B.Ford@usace.army.mil] 

Sent: 5/11/2021 9:35:00 PM 
To: Hunt, Laura [Hunt.Laura@epa.gov] 
Subject: RE: Alcoa (Point Comfort) Superfund site 
Attachments: ATIOOOOl.txt 

Hi laura, 

Thank you for reaching out. I would be available for a call this Friday morning around lO:OOAM. Does this time work for 

you? If so, I can set up a web-ex meeting for that time. 

Respectfully, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 

Environmental Branch 

USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 

Em a i I: (.!J.t:.i.?.t.9.P.b.Q.f.....!?..,.f.Q.t:.\;\.@.V?..A~.~-'-AnJJ.Y..,JY.W 

Web Ex: https://usacel.webex.corn/rneet/christopher.bJord 
Web Ex Teleconference line: 1-844-800-2712 
Access Code: 199 720 3559 

From: Hunt, laura <Hunt.laura@epa.gov> 

Sent: Tuesday, May 11, 2021 2:51 PM 

To: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil> 

Subject: [Non-DoD Source] Alcoa (Point Comfort) Superfund site 

Hi Brandon, 

I am the RPM for the Alcoa superfund site and would like to set up a call to discuss the upcoming projects scheduled for 

the Matagorda ship channel. Is there a time that is best for you? 

Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 
Dallas, Texas 75270 
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P: 214-665-9729 

Follow EPA Region 6 on: 
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Message 

From: Ford, Christopher B CIV USARMY CESWF(USA)[Christopher.B.Ford@usace.army.mil] 

Sent: 5/12/2021 9:18:21 PM 
To: Hunt, Laura [Hunt.Laura@epa.gov] 
Subject: RE: Alcoa (Point Comfort) Superfund site 
Attachments: ATIOOOOl.txt 

Hi laura, 

That will work out just fine. I will be sending a meeting invite for Friday to everyone shortly. I have a few people 
associated with the project on my end that are planning to attend the meeting as well. I look forwards to our call! 

Respectfully, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 

Environmental Branch 
USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 

Em a i I: (.!J.t:.i.?.t.9.P.b.Q.f... .. !?..,.f.9.t:.ct.@ .. V?..A~.~.,.Af..!JJ.Y..,JY.W 

Web Ex: https://usacel.webex.corn/rneet/christopher.bJord 
Web Ex Teleconference line: 1-844-800-2712 

Access Code: 199 720 3559 

From: Hunt, laura <Hunt.laura@epa.gov> 

Sent: Wednesday, May 12, 20211:22 PM 

To: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil> 

Subject: [Non-DoD Source] RE: Alcoa (Point Comfort) Superfund site 

Yes, please include Simon Payne and Jon Rauscher on the invite. 

Simon.Payne@tceq.texas.gov 
RauscherJon@epa.gov 

Those dates/times do not look good for Jon, the site risk assessor. I could do this Friday as you originally proposed. That 

meeting can be moved and Jon is free till 10:30am 

From: Ford, Christopher B CIV USARMY CESWF (USA) <(.!J.t:.i.?.t.9.P.b.QL.!?..,.f.9.r.~J.@ .. ~L~.<?!.P;?.,_§!.f..IJJ.Y..,m!J> 
Sent: Wednesday, May 12, 202112:52 PM 

To: Hunt, laura <Hunt.Laura@epa.gov> 

Subject: RE: Alcoa (Point Comfort) Superfund site 

Hi laura, 
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I will be busy the rest of the week at those times. Would you be available for a meeting next week on Wednesday the 
19th at 10:00 AM, or Friday 2l5t anytime from 9-12AM or 2-4 PM? 

Also, is there anyone from a state agency that you are partnered with that you would like to be included on the call? If 

so, I can send out an invite to them as well. 

Respectfully, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 

Environmental Branch 

USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 

Email: ChristopheLttFord@USACE.Arrny,Mil 

Web Ex: https:/ /usacel.webex,eom/meet/christopher,bJord 
Web Ex Teleconference line: 1-844-800-2712 

Access Code: 199 720 3559 

From: Hunt, Laur a <.ti.~.!Lt..J..A!:~.f.~i.@.?.P~!.:W?.Y.> 
Sent: Wednesday, May 12, 2021 7:23 AM 
To: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher.B.Ford@usace.army.rnil> 

Subject: [Non-DoD Source] RE: Alcoa (Point Comfort) Superfund site 

Hi Brandon, 

I have a meeting at 10am but are available after 1:30pm today and tomorrow after 11 am. Otherwise, we can schedule 
for next week. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

From: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.armv.mil> 

Sent: Tuesday, May 11, 20214:35 PM 
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To: Hunt, laura <HunLLaura@epa.gov> 

Subject: RE: Alcoa (Point Comfort) Superfund site 

Hi laura, 

Thank you for reaching out. I would be available for a call this Friday morning around lO:OOAM. Does this time work for 
you? If so, I can set up a web-ex meeting for that time. 

Respectfully, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 

Environmental Branch 

USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 
Email: Christopher.B.Ford@USACEJ\rmy.tv1il 

Web Ex: hHP!i.:/b~.?.~Y:.5JJ,YY.fJ!..5J.?;.,.0.~?.!I!./.0:.\?.fJ/.~hU?J9El.!.5JL:.l?JS?..U~. 
Web Ex Teleconference line: 1-844-800-2712 
Access Code: 199 720 3559 

From: Hunt, laura < .ti.~.!LLJ,.~~.!:~.f.~i.@?.P~!.:W?.Y.> 
Sent: Tuesday, May 11, 2021 2:51 PM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher.B.Ford@usace.army.rnil> 

Subject: [Non-DoD Source] Alcoa (Point Comfort) Superfund site 

Hi Brandon, 

I am the RPM for the Alcoa superfund site and would like to set up a call to discuss the upcoming projects scheduled for 

the Matagorda ship channel. Is there a time that is best for you? 

Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 
Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 
Dallas, Texas 75270 
P: 214-665-9729 

Follow EPA Region 6 on: 
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Message 

From: 

Sent: 
To: 

CC: 

Subject: 

Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil] 

5/14/2021 4:21:52 PM 
Hunt, Laura [Hunt.Laura@epa.gov]; Pinsky, Jeffrey F CIV USARMY CESWF (USA) [Jeffrey.F.Pinsky@usace.army.mil]; 

Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil]; Simon.Payne@tceq.texas.gov; Rauscher, 
Jon [Rauscher.Jon@epa.gov] 

Clark, David S CIV USARMY CESWF (USA) [David.S.Clark@usace.army.mil];Nealy, Franchelle E CIV USARMY CESWG 
(USA) [Franchelle.E.Craft@usace.army.mil];Lumen, Mark L CIV USARMY CESWG (USA) 

[Mark.L.Lumen@usace.army.mil];Willey, Sheridan S (Sheri) CIV USARMY CESWG (USA) 

[Sheridan.S.Willey@usace.army.mil]; Hamm, Francisco G (Paco) CIV USARMY CESWG (USA) 
[Francisco.G.Hamm@usace.army.mil] 

Alcoa (Point Comfort) Superfund site discussion meeting re-cap 

Good afternoon, 

I just wanted to send out a re-cap of the meeting discussion that we had during our meeting this morning regarding the 

Alcoa Superfund site in regards to the Matagorda Ship Channel project. 

Today we had a brief call with EPA and TCEQ regarding the Matagorda Ship Channel project and schedule. The main 

talking points included introducing the members of each team and their roles with the project, describing the 

background project information to bring everyone up to speed on the process, and the expected project timeline. 

Specific project detail discussions were tabled to future meetings so as to allow each side to further review and develop 

their responses. Specific topics to be included for future meetings includes the project's dredge material management 

plan (DMMP) and sediment testing plan. 

We look forwards to working with EPA and TCEQ so as to provide the best DMMP and sediment testing plans that 

adhere to local state and federal procedures required under law. Please be on the lookout for future meetings as we 

progress with our project and thank you to everyone who attended our call today on this Friday morning. 

Respectfully, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 

Environmental Branch 

USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 

Em a i I: (.b.r..!xdP.P..b.?.r.,.!?.,.fpr..~.t@.Ll.~.A.(;.f,.A.un.v..,.M.i.!. 

Web Ex: https://usaceLwebex,com/meet/christopher.b.ford 
Web Ex Teleconference Line: 1-844-800-2712 

Access Code: 199 720 3559 
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Message 

From: 

Sent: 
To: 
CC: 
Subject: 

Hi Lauren, 

Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil] 

6/16/2021 8:35:35 PM 
Hunt, Laura [Hunt.Laura@epa.gov] 
Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 
RE: Matagorda Ship Channel Improvement- ICT Meeting time follow up 

This sounds like private industry dredging that isn't related to the federal channel project. Do you know who specifically 

contacted you from Alcoa? I would need their name, organization, and if they have a CORPS regulatory permit number. 

If they have a regulatory permit number, we would be able to use that information to figure out the "what, where ,and 

when" for their proposed dredging. 

Respectfully, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 

Environmental Branch 

USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 
Email: ChristopheLttFord@USACE.Arrny.Mil 

Web Ex: https:/ /usaceV,,vebex.com/meet/christopher.b.ford 
Web Ex Teleconference line: 1-844-800-2712 

Access Code: 199 720 3559 

From: Hunt, laura <Hunt.laura@epa.gov> 

Sent: Tuesday, June 15, 202111:49 AM 

To: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil> 

Cc: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.army.mil> 

Subject: [Non-DoD Source] RE: Matagorda Ship Channel Improvement- ICT Meeting time follow up 

Hi Brandon, 

Alcoa has just sent a sampling plan to EPA for work that is to occur in the area below. Alcoa indicated that this project is 

to occur this summer and that this is part of the upcoming Matagorda Ship Channel improvement project? Can you 

please determine if this part of the same project? 
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Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 

Follow EPA Region 6 on: 

e o .1f 

From: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher.B.Ford@Jusace,armyxnil> 
Sent: Monday, June 14, 2021 2:59 PM 

To: Hunt, laura <Hunt.Laura@epa.gov> 

Cc: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.arrny.mil> 

Subject: RE: Matagorda Ship Channel Improvement- ICT Meeting time follow up 

Hi laura, 

Thank you for the quick response. I am working with my team to get some answers to those questions for you. Once we 

do, I would be happy to set up a quick call to go over them. 
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Respectfully, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 

Environmental Branch 

USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 
Email: Christopher,fLFord@lUSACLArrny,Mil 

Web Ex: https://usace :L webeKrnrn/meet/ christopher, b, ford 
Web Ex Teleconference line: 1-844-800-2712 
Access Code: 199 720 3559 

From: Hunt, Laura <1:Jun.t.t<?!.!:!.Ul.@.§.P..?..,fl9.Y..> 
Sent: Monday, June 14, 2021 2:53 PM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher.B.Fmd@usace,arrnvsnil> 

Subject: [Non-DoD Source] RE: Matagorda Ship Channel Improvement- ICT Meeting time follow up 

I am available July 12 at 10. Thanks for setting this up. Also, does the Corp have any thoughts on those questions. Did 

you want to setup a separate call to discuss? Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 
Dallas, Texas 75270 
P: 214-665-9729 

Follow EPA Region 6 on: 

From: Ford, Christopher B CIV USARMY CESWF (USA) <Christopher.B.Ford@usace,army,mil> 

Sent: Monday, June 14, 20211:44 PM 

To: Lindsey George <U.u.~J~.5J.Y.,J~.5J.9EWJ.@.tP..YY..~Ltf.?!A~.0g9y_>; Culbertson, Jan C <l.~~.n-~;y!J?..5JL.tX~Y.U.@.f~~f..~,_gqy>; Kaspar, Paul 
<kaspar.paul@epa,gov>; Hunt, Laura <HunLLaura@epa,gov>; Stevens Charrish <Charrish Stevens@fws,gov> 

Subject: Matagorda Ship Channel Improvement- ICT Meeting time follow up 

Hello team, 

ED_013073_00000079-00003 



Thank you to everyone who sent me their availabilities for the upcoming Matagorda Ship Channel project ICT meetings. 

Due to an unforeseen Jury duty summons, I am no longer available to host our follow up meeting on the dates listed in 

my previous emails. 

Would everyone be available for a meeting scheduled on July 12th at 10:00 instead? 

Please shoot me your response and I hope to send out a meeting invite soon. I appreciate all of your time and know that 

things are very busy this season, especially around an upcoming holiday. 

Respectfully, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 

Environmental Branch 
USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 
Email: ChristopheLttFord@USACE.Arrny.Mil 

Web Ex: https:/ /usacel.webex,eom/meet/christopher.b.ford 
Web Ex Teleconference line: 1-844-800-2712 
Access Code: 199 720 3559 
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Message 

From: Ford, Christopher B CIV USARMY CESWF(USA)[Christopher.B.Ford@usace.army.mil] 

Sent: 6/29/2021 4:06:33 PM 
To: Hunt, Laura [Hunt.Laura@epa.gov] 
Subject: RE: Alcoa (Point Comfort)/Lavaca Bay 
Attachments: ATIOOOOl.txt 

Hi Laura, 

Thank you for the letter and the heads up. I have notified my team and we will be in contact soon. I look forwards to 

working with the EPA to resolve the questions and concerns in your letter. 

Thank you, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 

Environmental Branch 

USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 

Em a i I: (.!J.t:.i.?.t.9.P.b.Q.f.....!?..,.f.Q.t:.\;\.@.V?..A~.~-'-AnJJ.Y..,JY.W 

Web Ex: https://usacel.webex.corn/rneet/christopher.bJord 
Web Ex Teleconference Line: 1-844-800-2712 

Access Code: 199 720 3559 

From: Hunt, Laura <Hunt.Laura@epa.gov> 

Sent: Monday, June 28, 202111:07 AM 

To: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil> 

Cc: Simon Payne <Simon.Payne@tceq.texas.gov>; Morosky, Ronald M.<Ronald.Morosky@alcoa.com>; 

ffh@calhounport.com; Brown, Harmon Ill CIV USARMY CESWF(USA)<Harmon.Brown@usace.army.mil> 

Subject: [Non-DoD Source] Alcoa (Point Comfort)/Lavaca Bay 

Brandon, 

As discussed, attached is a letter outlining EPA's concerns over the proposed dredging projects for Port Comfort and the 

Matagorda Ship Channel. A hard copy of this letter was mailed last Friday, June 25. We look forward to working with the 

Corps to minimize any potential negative impacts to the Alcoa (Point Comfort)/ Lavaca Bay Superfund site. 

Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 
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Follow EPA Region 6 on: 
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Message 

From: Pinsky, Jeffrey F CIV USARMY CESWF (USA) [Jeffrey.F.Pinsky@usace.army.mil] 

Sent: 3/11/2022 5:53:46 PM 
To: Hunt, Laura [Hunt.Laura@epa.gov]; Houston, Robert [Houston.Robert@epa.gov] 
Subject: RE: Matagorda Ship Channel Appendix E 
Attachments: MSC_App_E_DMMP _for _FINAL_2019-08-02.pdf 

Robert and Laura, 

My apologies, I'm no sure how I send the wrong file. The attached is the right one. I will set up a file transfer for all our 
most recent EIS files. The link on our website was having trouble, the files were moved to an archive status. I'm working 

with our PAO website administrator to get this corrected. 

Respectfully, 

Jeff Pinsky 

Chief, Environmental Branch 
Regional Planning and Environmental Center 
Mobile: 713-829-5271 

From: Hunt, Laura <Hunt.Laura@epa.gov> 

Sent: Tuesday, March 8, 2022 10:46 AM 

To: Pinsky, Jeffrey F CIV USARMY CESWF(USA)<Jeffrey.F.Pinsky@usace.army.mil>; Houston, Robert 

<Houston.Robert@epa.gov> 
Subject: [Non-DoD Source] RE: Matagorda Ship Channel Appendix E 

Thanks for sharing Jeff. I am confused because I thought Appendix E was the full DMMP document as attached. Has the 

full DMMP been updated since 2006? 

Laura 

From: Pinsky, Jeffrey F CIV USARMY CESWF (USA) <Jeffrey.F.Pinsky@Jusace.armyxnil> 

Sent: Friday, March 4, 2022 1:25 PM 

To: Houston, Robert <Houston.Robert@epa.gov> 

Cc: Hunt, Laura <Hunt.Laura@0p2.gov> 

Subject: Matagorda Ship Channel Appendix E 

Mr. Houston, 

Good to talk to you today. Appendix E is attached. I'll send the link on Monday. 

Respectfully, 

Jeff Pinsky 

Chief, Environmental Branch 

Regional Planning and Environmental Center 
Mobile: 713-829-5271 
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1 Overview 
The purpose of dredging is to improve the deep-draft transport of commerce on the Matagorda 
Ship Channel (MSC) for its existing and future users by: 

• Reducing or eliminating light loading measures; 

• Allowing larger cargo vessels to begin calls; and 

• Potentially allowing for two-way traffic of smaller vessels during periods of increased 
transits. 

According to USACE policy, the dredge material associated with construction or maintenance 
dredging of navigation projects should be accomplished in a least costly manner consistent with 
sound engineering practice and meeting all Federal environmental requirements. Hence, the 
DMMP should be associated with the least cost plan in order to provide information regarding 
material characteristics, dredging activities, and material placement related to the removal of 
material from the planning study. The details are presented in the following sections. 

2 Existing Conditions 
Maintenance dredging of the existing bay reach of the MSC has generally occurred bi-yearly, 
and the Gulf reach and entrance channel have been maintained approximately every 4 years. The 
total average annual amount of dredged material is approximately 2.0 mcy (million cubic yards). 
Maintenance dredging is usually performed with hydraulic pipeline dredging for the bay and 
hopper dredging equipment for the entrance channel. The placement areas for materials dredged 
from each station of the channel varied slightly. Material is dredged to the closest placement 
area as shown in Plate D-01. 

3 Dredging Template 
The deepening and widening of the MSC for the proposed MSCIP will generate approximately 
21.0 mcy of new work and 154.0 mcy of maintenance material over the 50-year span of the 
project. There are three reaches in this project: 

• Lavaca Bay Reach - Station 115+502 to 75+000 including Facilities of CPA and 
proposed Turning Basin) 

• Matagorda Bay Reach- Station 75+000 to 0+000; and 

• Offshore Reach - Station 0+000 to -33+000 

4 Dredged Material 
4.1 Initial Dredging (New Work) 

The volume calculations are based on the channel dimensions. The volume calculations 
include both the overdepth and advanced maintenance requirements. Table 4-1 provides the 
volumes of the new work dredge material: 
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Table 4-1. New Work Volumes 

-33+000 -16+000 17,000 2,606,681 634,436 3,241,117 05 Hopper 

-16+000 -6+000 10,000 1,115,407 292,354 1,407,760 SE Pipeline 

-6+000 20+000 26,000 1,886,389 419,862 2,306,250 
Sundown 

Pipeline 
Island 

20+000 25+000 5,000 577,757 29,262 607,019 NPl Pipeline 

25+000 55+000 30,000 3,557,723 222,288 3,780,011 NP2 Pipeline 

55+000 80+000 25,000 2,918,279 228,873 3,147,152 NP3 Pipeline 

80+000 85+000 5,000 525,600 71,559 597,159 NP4 Pipeline 

85+000 98+400 13,400 1,534,157 66,864 1,601,021 NP5 Pipeline 

98+400 113+300 14,900 2,415,745 151,401 2,567,146 NP6 Pipeline 

113+300 118+502 5,202 1,519,876 188,887 1,708,763 NP7 Pipeline 

TOTAL: 20,963,397 

4.2 Maintenance Dredging 

The estimated maintenance dredging volume is based on a CSAT modeling software that 
calculates the volume using: historic dredging records, total suspended sediment 
concentrations, hydrodynamics of the proposed channel, and the amount and location of 
material placed in unconfined placement areas. Projected annual maintenance volumes for 
each reach of the channel are provided in Table 4-2. All open water placement areas for 
maintenance material theoretically have an unlimited capacity since they are unconfined and 
dispersive. 
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-33+000 -15+000 1,433,731 17,921,632 Hopper 4 

-15+000 -6+000 716,865 8,960,816 SE Hopper 4 

-6+000 25+000 517,783 12,944,583 Sundown Pipeline 2 
Island 

25+000 35+000 114,520 2,863,000 OPl Pipeline 2 

35+000 45+000 114,520 2,863,000 OP2 Pipeline 2 

45+000 55+000 114,520 2,863,000 OP3 Pipeline 2 

55+000 65+000 114,520 2,863,000 OP4 Pipeline 2 

65+000 75+000 512,052 12,801,308 OP5 Pipeline 2 

75+000 85+000 518,106 12,952,653 OP6 Pipeline 2 

85+000 97+446 641,766 16,044,156 OP7 Pipeline 2 

97+446 110+000 642,238 16,055,948 OP8 Pipeline 2 

110+000 114+000 807,781 20,194,537 OP9 Pipeline 2 

114+000 118+502 988,107 24,702,678 OPlO Pipeline 2 

4.3 Without vs With Project O&M Quantities 

The With Project cycle frequency of O&M dredging will remain 2 years for the main channel 
and 4 years for the entrance channel. The main channel width will increase from 200' to 300' 
and the entrance channel will increase from 300' to 550'. The quantities of maintenance 
dredging volumes will increase due to the increased width of the channel. The O&M quantities 
per cycle comparing Without Project O&M and With Project O&M quantities are presented in 
Table 4-3. The average annual increase in O&M cost necessary to dredge additional quantity of 
material in the With Project channel is approximately $8,000,000.00 without escalation. 

Table 4-3. Without vs With Pro·ect Maintenance Volumes 

-6+000 to 118+502 3,429,922 4,568,131 2 

-33+000 to -6+000 1,477,710 2,668,379 4 
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5 Typical Dredging Equipment 
The type of dredging equipment considered depends on the type of material, the depth of the 
channel, the depth of access to the disposal or placement area (PA), the amount of material, the 
distance to the disposal or PA, the wave-energy environment, and so forth. Based on these 
considerations, three types of dredging equipment will be utilized as follows: 

• Hydraulic Pipeline Dredges in Lavaca Bay and Matagorda Bay Reaches; 

• Hopper dredge or clamshell dredge with dump scows in portions of the Matagorda Bay Reach; 
and 

• Hopper dredge and Hydraulic Pipeline Dredges in the Offshore Reach. 

A detailed description of the types of dredging equipment can be found in EM 1110-2-5025, 
Dredging and Dredged Material Management (USACE. 1983. EM 1110-2-5025). The following 
sections present three typical dredging equipment. 

5.1 Hydraulic Cutterhead (Pipeline) 

Hydraulic cutterhead dredges are used when the MSCIP and placement area are close enough to 
economically pump the dredged material. Hydraulic cutterhead dredges typically are used to 
place material in upland-confined or bay-confined placement sites through dredge pipelines, but 
may place dredged material in unconfined placement areas as well. Based on the site layout, 
expected placement locations, and material type, a hydraulic cutterhead dredge would be suitable 
for this project for the Lavaca and Matagorda Bay Reaches. An ocean certified cutterhead 
dredge would also be suitable to dredge the entrance channel in the Gulf of Mexico. 

5.2 Mechanical Clamshell 

Clamshell dredges along with dump scows are generally used when the placement site is too far 
away to hydraulically pump dredged material and where the material cut section consists of soft 
clay. In these operations, dredged material is placed in the dump scows and towed to the 
placement area. The material may be bottom-dumped from the scow, off-loaded with a crane, or 
pumped from the scow with a hydraulic loader. 

5.3 Hydraulic Hopper 

Hopper dredges are used when long stretches of channel are available to allow for unrestricted 
movement within the dredge area and when the placement site is too far away to economically 
pump the material. Based on the proposed site layout and expected placement locations, a 
hopper dredge is most suitable for work in the entrance channel in the Gulf of Mexico, but ocean 
certified cutterhead dredge or clamshell dredge may provide an acceptable substitute. 
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6 Placement Plan Formulation 
6.1 Previous DMMP Established in Tentatively Selected Plan 

Under the new SMART planning guidance in this study, the recommended DMMP has been 
reviewed and analyzed with respect to pump distance to transport dredged material from the 
channel since the initial phase of the study because it will be a major cause in increased project 
costs. 

In order to minimize pump distance and thereby reduce costs for placement of both new work 
and maintenance materials, the main idea of the plan was to utilize new unconfined placement 
areas located on the west side of the channel as shown in Plate D-01. In this DMMP, existing 
placement areas to the east of the channel will not be utilized to receive dredged material any 
longer. 

During the establishment of the tentatively selected plan above, it was assumed that the tidal 
currents in this area were relatively small and were oriented parallel to the channel and 
placement areas. This provides good evidence that the new work placement areas should 
perform well as a barrier between the channel and O&M placement areas, and that the currents 
should not recycle material into the channel. The shoaling rates in this portion of Matagorda Bay 
were assumed not to have changed significantly since the construction of the channel in the 
1960's. Modeling has indicated that the maintenance material is dispersed through wave action 
within a year of placement (URS 2006). Therefore, placement capacity into these proposed 
placement areas is unlimited. Table 6-1 provides a list of placement features. 

Table 6-1. Placement Features (2017 Tentatively Selected Plan) 

Applicant's Preferred Alternative 
New Work Maintenance 

Feature Identity Feature Description (mcy) (mcy) 

ER3/D Clay Cap on Mercmy-Impacted Sediment 2.5 39.5 

Pl Onshore Upland 1.1 21.1 

PA 14toPA 16 Potential Placement Areas as Existing Sites 

NP4toNP6 Potential Placement Areas as only for New Work 

NP 2 and NP 3 New Unconfined Area only for New Work 15.7 0.0 

Sundown Island Existing Unconfined Area along GIWW 3.3 4.4 

NP7 Potential Placement Areas only for New Work 

05 Offshore Dispersive Site 7.6 0.0 

Al In-Bay Upland only for Maintenance 0.0 70.0 

OP 8 to OP 10 Potential Placement Areas as only for Maintenance 

OP 2 to OP 7 New Unconfined Area only for Maintenance 0.0 108.9 

OP 11 Potential Placement Areas only for Maintenance 

PA 1 Existing Offshore Dispersive Site 0.0 13.6 

TOTAL New Work and Maintenance Material 30.2 257.5 

5 

ED_013073_00000096-00009 



6.2 New Least Cost Placement Plan 

The Tentatively Selected Plan was revised to reduce cost with the support of newly acquired 
information. An Abbreviated Ship Simulation indicated that a majority of planned channel width 
could be reduced by 50 ft greatly reducing quantities. 

Redundant placement areas have been removed from the placement plan to reduce costs due to 
cutting construction costs and less material required to be dredged at longer distances. PA 
ER3/D was determined to be unnecessary to construct since sheet pilings would have to be 
placed along the entire perimeter of the newly constructed portion of the placement area to 
contain existing contaminated material that may be stirred up while dumping new material. The 
construction of PA PI has been determined to be unnecessary unless additional placement 
capacity is needed for new work dredge material. Sand Engine was added to the placement plan 
under advisement of Galveston Hydraulics and Hydrology Branch to reduce erosion at the 
southwest jetty. Most placement areas will remain on the west side of the channel with 
exception ofNP7, OPIO and Sundown Island on the east side of the channel. Updated placement 
plan is illustrated in Plate D-0 I. 

Shoaling rates were generated by the Galveston Hydraulics and Hydrology Branch utilizing the 
CSAT shoaling modeling software. With this data, maintenance material quantities were able to 
be updated from previous DMMP. It was confirmed that the shoaling rates in Matagorda Bay 
have not changed significantly since the construction of the channel in the 1960's. Table 6-2 
provides a list of revised placement features from Table 6-1. 

Table 6-2. Revised Placement Features for New Least Cost Plan 

Applicant's Prefened Alternative 

Feature Identity 
05 
Sand Engine 
Sundown Island 
NPl to NP7 
OP 1 to OP 10 
PA 1 
TOTAL 

Feature Description 
Offshore Dispersive Site 
New Unconfined Area for Work and Maintenance Material 
Existing Unconfined Area along GIWW 
New Unconfined Area only for New Work Material 
New Unconfined Area only for Maintenance Material 
Existing Offshore Dispersive Site 
New Work and Maintenance Material 

7 Description of Placement Areas 

New Work Maintenance 
(mcy) (mcy) 
3.2 0.0 
1.4 9.0 
2.3 12.9 
14.0 0.0 
0.0 114.2 
0.0 17.9 
21.0 154.0 

The new least cost plan requires the creation of numerous in-bay placement areas, and 
potentially an upland placement area. Plate D-01 shows the locations of the placement areas for 
the new least cost plan. PA capacities will be revised in PED once additional surveys and 
borings are completed. 

Placement area footprints have been assessed for reefs and anomalies. Low cost plan has been 
finalized regarding the inclusion of these potential unconfined placement areas through 
cooperation with Galveston District Operations Division. The unconfined placement areas in 
Plate D-0 I were proposed to accept new work and maintenance material corresponding to the 
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deepening and widening of the channel. These potential unconfined placement areas consist of 
05, SE, Sundown Island, NPI, NP2, NP3, NP4, NP5, NP6, and NP7 for new work materials and 
PA 1, SE, Sundown Island, OPl, OP2, OP3, OP4, OPS, OP6, OP7, OP8, OP9, and OPlO for 
maintenance materials, respectively. Placement Area P 1 will only be constructed and utilized if 
additional placement capacity is needed for new work dredge material. If Placement Area P 1 is 
constructed and the 1.5 acres of farmed wetlands within footprint is impacted then marsh cells 
will be constructed as environmental mitigation. 

As noted in Plate D-01 for new work material, the distance between the newly proposed 
unconfined P As on the west side of the channel is to be located at least 1,500 feet from the 
channel toe. This distance was selected because the optimum distance from the channel would 
be the distance at which material from the PA is reasonably prevented from recycling. In most 
cases, that is between 500 and 2,000 feet. In order to obtain a reliable answer to this question, it 
was required to review any sediment budgets or transport models created under recent RSM 
studies. The maximum height of the new work open water unconfined P As (NP 1 to NP 7) is 2 
feet below mean lower low water datum. The design heights of the PAs were estimated utilizing 
NOAA Sounding Chart as a reference for bathymetry. There is a potential block by entrance 
Powderhom Lake if NP 2 and NP 3 are combined into one single PA, the new low cost plan 
intentionally leaves some open space by separation of the P As. 

Placement Area 05-New ODMDS as Open-Water Unconfined Placement Area 

PA 05 is a 2,663-acre rectangular open-water placement area located approximately 3 miles 
offshore and 1,200 feet south of the channel centerline. The ODMDS will be used for the 
placement of approximately 3 .2 mcy of new work dredged material from Entrance Channel. 

Placement Area 1- Existing ODMDS as Open-Water Unconfined Placement Area 

PA 1 is a 457-acre rectangular open-water placement area located approximately 2 miles 
offshore and 1,000 feet south of the channel centerline. PA 1 will be used for the placement of 
approximately 17. 9 mcy of maintenance material from the Entrance Channel over a 50-year 
period. 

Sand Engine (SE) 

Sand Engine (SE) is an approximate 165-acre, rectangular shaped site located at the entrance 
channel southwest of the jetties. The Sand Engine was not in previous DMMPs, but deemed as a 
necessity to reduce erosion at the southwest jetty. Assessment by the USA CE Hydraulics and 
Hydrology Branch concluded that ifthe land surrounding jetty continues to erode the southwest 
jetty will fail and likely cause closure of the entrance channel. The Sand Engine will accept both 
new work and maintenance materials in the 50-year DMMP. The material in the Sand Engine 
will also nourish the beach as dredge material is carried west by virtue of longshore drift. Sand 
Engine will be used to contain approximately 1.4 mcy of new work material and 9.0 mcy of 
future maintenance material over a 50-year period. 
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Sundown Island as Open-Water Unconfined Placement Area (BU Site as Bird Island) 

Sundown Island periodically had received material from maintenance dredging of the Gulf 
Intracoastal Waterway and Matagorda Ship Channel, but was not previously used to develop the 
50-year DMMP. Sundown Island is approximately 442-acres and located southeast of the 
GIWW. This Island periodically receives material from maintenance dredging of the GIWW and 
Matagorda Ship Channel. This island will expand to accept both new work and maintenance 
materials in the 50-year DMMP. 

This PA will be used to contain approximately 2.3 mcy of new work material and 12.9 mcy of 
future maintenance material. Any material placed on this PA will be done in accordance with 
the current placement limitations followed by the USACE, and utilize the existing authorized 
footprints. Local coordination, if necessary, will be done prior to placing material on the island 
to determine the Resource Agency's preferred timeframe for placement. Current guidelines 
dictate that material will be placed on Sundown Island only between September and February in 
order to avoid disturbing nesting birds. 

New Unconfined Open-Water Placement Areas (NP 1, NP 2, NP 3, NP 4, NP 5, NP 6, and 
NP7) 

These new P As are located southwest of the ship channel in Matagorda Bay. Regarding the 
island height and water depth of the new PAs, the top surface of the new PAs is 2 feet below the 
water (mean lower low water) and the height is estimated utilizing NOAA Sounding Chart as a 
reference for bathymetry. The areas of NP 1, NP6 and NP7 is estimated at 331 acres. The areas 
of NP 2 and NP 3 are estimated at 1,433 acres and 661 acres. The areas ofNP4, NP5, are 
estimated at 248 acres. Capacity of these open-water placement areas utilizes a retention rate of 
50 percent for dredge materials forming new work berms. Retention rate will have to be revised 
in PED when additional borings and surveys are taken. These seven areas will be used for the 
placement of approximately 14.0 mcy of new work material. 

O&M Unconfined Open-Water Placement Areas (OP 1, OP 2, OP 3, OP 4, OP 5, OP 6, 
OP7, OPS, OP9, and OPlO) 

The MSC is currently maintained by placing dredged material in unconfined placement areas 
along the length of the channel, both in the bay and offshore. The current P As are located 
northeast of the ship channel in Matagorda Bay. The proposed placement areas are southwest of 
the ship channel in Matagorda Bay. These placement areas are unconfined and dispersive and 
therefore have a theoretical unlimited placement capacity. The areas of OPl, OP2, OP3, OP4, 
OPS, OP6, OP7, OP9, and OPIO are estimated 331 acres. The area ofOP8 is estimated 248 
acres. These ten placement areas will be used for the placement of approximately 114.2 mcy of 
maintenance material over a 50-year period. It should be noted that OPl to OP10 are located 
further away from the channel than New Work PAs to avoid maintenance material from shoaling 
back into channel. 

8 
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Placement Area Pl - Terrestrial Upland 

Placement Area Pl will only be constructed and placed into if additional placement capacity is 
determined necessary in PED to accommodate new work dredge material. Placement Area Pl 
will be created south of Alamo Beach on existing agricultural land. The placement area will be 
designed and scaled to contain quantity of material needed. The containment dike will be 
constructed utilizing existing material within the placement area. The maximum footprint of this 
placement area would be 248-acres and could impact a maximum of 1.5 acres of farmed wetland. 
If impacted, marsh cells will be constructed as environmental mitigation. 

8 Hazardous Substances 
The Non-Federal Sponsor shall be responsible, as between the Government and the Non-Federal 
Sponsor, for the costs of cleanup and response, including the costs of any studies and 
investigations necessary to determine an appropriate response to the contamination as stated in 
the Project Partnership Agreement (PPA). Such costs shall be paid solely by the Non-Federal 
Sponsor without reimbursement or credit by the Government. 

9 Reference 
Moffatt and Nichol. 2006. Sedimentation Study, Matagorda Ship Channel Improvement Project. 
Prepared by Mofatt and Nichol. 11011 Richmond Avenue, Suite 200, Houston, TX 77042. 
October, 2006. 

PBS&J. 2009. Final Environmental Impact Statement (FEIS) for USACE regarding The 
Proposed Matagorda Ship Channel Improvement Project, Austin, TX 

URS. 2014. Section 204(t) Feasibility Report for Calhoun Port Authority, Matagorda Ship 
Channel Improvement, Houston, TX 

URS. 2006. Matagorda Sedimentary Analysis. Prepared by: URS Corporation, 10550 Richmond 
Avenue, Suite 155, Houston, TX 77042. October, 2006. 

USACE. 1962a. Design Memorandum No. 3. USACE Galveston District, Galveston, TX. 

USACE. l 962b. General Design Memorandum. Appendix B - Boring Layout and Soil Profile, 
Matagorda Ship Channel, Texas. January 1962. USACE, Galveston District. 

USACE. 1983. EM 1110-2-5025. Dredging & Dredged Material Disposal. Washington, D.C. 
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MAINTENANCE MATERIAL PLACEMENT PLAN SUMMARY 
All open water Maintenance PAs are 3,900 ft from channel toe except for PA 1 which is 1,000 ft from channel toe, SE which is 1,400 ft from channel toe Southwest of the Southwest Jetty, and NP7 which is 4,900 ft from channel toe. Discharge zone at Sundown Island is 3,300 ft from channel toe. 
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Appointment 

From: 

Sent: 
To: 

CC: 

Subject: 
Location: 

Start: 
End: 

Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil] 

5/12/2021 9:29:25 PM 
Ford, Christopher B CIV USARMY CESWF(USA)[Christopher.B.Ford@usace.army.mil]; Hunt, Laura 
[Hunt.Laura@epa.gov]; Pinsky, Jeffrey F CIV USARMY CESWF (USA) [Jeffrey.F.Pinsky@usace.army.mil];Pinon, Abram 
CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil]; Simon.Payne@tceq.texas.gov; Rauscher, Jon 
[Rauscher.Jon@epa.gov] 
Clark, David S CIV USARMY CESWF (USA) [David.S.Clark@usace.army.mil];Nealy, Franchelle E CIV USARMY CESWG 

(USA) [Franchelle.E.Craft@usace.army.mil];Wadlington, Brandon E CIV USARMY CESWF (USA) 
[BRANDON.E.WADLINGTON@usace.army.mil] 

Alcoa (Point Comfort) Superfund site discussion 
Web-Ex 

5/14/2021 3:00:00 PM 
5/14/2021 3:30:00 PM 

Show Time As: Busy 

Recurrence: (none) 

Good afternoon, 

This meeting will be focused on discussing the Matagorda ship channel project. Special attention will be paid to the 

Alcoa Superfund site, also known as Point Comfort, located near the project study area. 

Please use the following Web-Ex login information to attend the meeting. Please use the "Call me" option when 

connecting audio. 

Web Ex: https://us2c0Lweb0x.com/meet/christoph0r.b.ford 
Web Ex Teleconference Line: 1-844-800-2712 

Access Code: 199 720 3559 

I look forwards to our meeting! 

Respectfully, 

Christopher (Brandon) Ford 

Biologist, Compliance Section 

Environmental Branch 

USACE, Regional Planning & Environmental Center 

~ Office: 409-766-3079 
Mobile: 409-791-3098 
Email: ChristopheLB.Ford@USACE.Arrny.Mil 
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Message 

From: 
Sent: 
To: 
CC: 

Subject: 

Hi Abe, 

Hunt, Laura [Hunt.Laura@epa.gov] 
10/18/20213:18:02 PM 
Pinon, Abram CIV USARMY CESWF (USA) [Abram.Pinon@usace.army.mil] 
Ford, Christopher B CIV USARMY CESWF (USA) [Christopher.B.Ford@usace.army.mil]; Finn, Lisa M CIV USARMY 
CESWG (USA) [Lisa.M.Finn@usace.army.mil];Nealy, Franchelle E CIV USARMY CESWG (USA) 
[Franchelle.E.Craft@usace.army.mil];Neill, Ashley N CIV USARMY CESWG (USA) [Ashley.N.Neill@usace.army.mil] 
[Non-DoD Source] RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

The issue is that new data indicates that there are sediment areas in proximity of the MSCIP project area that exceed 

RAOs. Are the sample locations in the image below what you are referring to as "traditional sample areas"? 

I am available tomorrow at 1500 hrs for a call. Thanks, 

Laura 

From: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.army.mil> 

Sent: Monday, October 18, 2021 7:39 AM 

To: Hunt, Laura <Hunt.Laura@epa.gov> 

Cc: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.army.mil>; Finn, Lisa M CIV USARMY 

CESWG(USA)<lisa.M.Finn@usace.army.mil>; Nealy, Franchelle E CIV USARMY CESWG (USA) 

<Franchelle.E.Craft@usace.army.mil>; Neill, Ashley N CIV USARMY CESWG (USA)<Ashley.N.Neill@usace.army.mil> 

Subject: RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Importance: High 
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Laura, 

Good morning. Based on our telecon on 07-27-2021, USACE was under the impression that you did not need to see the 

sampling and analysis plan beforehand as documented in Part 2.e in the attached minutes. The locations being sampled 

are based on us piggybacking on Geotech borings in order to use their drilling equipment. That equipment/work is 

expensive that we weren't mobilizing ourselves. The proposed sampling areas were overlaid with our traditional 
sampling areas to evaluate on a historical context. I am still waiting on a response to your first question, but a response 

to your second question is provided below. 

1. Still waiting for a response. 

2. Based on Table 39 of the EIS, New Work material [excavation beyond the current maintenance levels] from the 

area around the ALCOA Superfund site will go to unconfined Placement Areas NP6 and NP7. Attached email 

provides a map that shows the placement areas. 

I am available at 1500 hrs tomorrow afternoon; however I would like to pull in some of our subject matter experts into 

the call if at all possible. Please let me know if the proposed time works for you and I will try to get as many of these 

people on the phone call with you. 

Thank you, 

Abe Pinon, P.E. 

Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 

Cell: (817) 223-7504 

/\bram.Pinon(@usace,armyJnil 

From: Hunt, Laura <HunLLaura@epa.gov> 

Sent: Thursday, October 14, 2021 2:28 PM 
To: Pinon, Abram CIV USARMY CESWF (USA) </\bramYinon@usace,army,mil> 

Cc: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.arrny.mil> 

Subject: [Non-DoD Source] RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Hi Abe, 

Thank you for the update. Can we have a call on Monday or Tuesday? 

Laura 

From: Pinon, Abram CIV USARMY CESWF(USA)</\bram.?inon@usace.arrnv.mil> 

Sent: Thursday, October 14, 202112:26 PM 

To: Hunt, Laura <Hunt.Laura@epa.gov> 

Cc: Ford, Christopher B CIV USARMY CESWF(USA)<Christopher.B.Ford@usace.arrny.mil> 

Subject: RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Laura, 

I am currently awaiting a response from some team members. I will get a reply to you once I get all responses in. I am 

sorry of the delay. 
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Abe Pinon, P.E. 

Environmental Engineer 

Regional Planning & Environmental Center 
Environmental Branch-Technical Section (PEE-T) 

U.S. Army Corps of Engineers 
Office: (817) 886-1064 
Cell: (817) 223-7504 
Abram.Pinon@usace.arrny.mil 

From: Hunt, Laura <HunLLaurn@lepa.gov> 

Sent: Thursday, October 14, 202111:34 AM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <.(.f.!X:!.?J9P.f.!.?.L: .. ~:.f.9L9 . .@.!:~.?.~Y;.f.:.~H.!I!.Y..,Xn.Li.> 
Cc: Pinon, Abram CIV USARMY CESWF (USA) <AbramYinon@usace.armyJnil> 

Subject: [Non-DoD Source] RE: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Importance: High 

Brandon, 

A Community Advisory Board (CAB) meeting for the Alcoa/Lavaca Bay superfund site is scheduled for later this month. It 

is important that EPA have the latest update/status on the Matagorda Ship Channel project. Do you have availability for 

a call next week? Please let me know as soon as possible if you have any responses to my previous email. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 
Dallas, Texas 75270 
P: 214-665-9729 

From: Hunt, Laura 

Sent: Tuesday, October 12, 2021 5:16 PM 

To: Ford, Christopher B CIV USARMY CESWF (USA) <.(.b.r.i.?.t9P.b.?.L.~ .. .f.g.r.!.:J .. @.q?.?..5;.f.,_§.f.DJY,m.LI.> 
Cc: Pinon, Abram CIV USARMY CESWF(USA)<Abram.Pinon@usace.arrny.mil> 

Subject: Alcoa (Point Comfort)/Lavaca Bay Superfund Site: Matagorda Ship Channel 

Hi Brandon, 

On May 14 you sent a re-cap email stating that there will be future meetings on the project's dredge material 

management plan and sediment testing plan. Do you have a status on those documents because I heard that a contract 

had been awarded for the sediment testing plan. EPA would like the opportunity to review and comment on the 

sediment testing and dredge material management plans. My concern is that the proposed dredge area is adequately 
characterized as there are still potential hotspot areas that exceed sediment RAOs for mercury within the Carp's project 

acrea. See attached results from recent sediment sampling conducted in the LNG terminal project area by Alcoa that is 

adjacent to the Carp's proposed turning basin area. 
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Lastly, EPA is still awaiting to hear back on questions from our June 25 letter. Please provide a status update on the 

following: 

• Section 5.3.11 Water Quality and 5.3.12 Sediment Quality (p. 159 EIS): indicates that "Under 
the recommended plan, factors that could affect DO include the increase in both water 
circulation and salinity" and that "There is potential for a change in bay-bottom velocities due to 
a wider and deeper channel and the actions taken as part of the DA1MP." The predominant 
remedy in the closed area at the Alcoa (Point Comfort)/Lavaca Bay Superfund Site is monitored 
natural attenuation (MNA). Has the Corps evaluated with modeling or some other analysis 
whether changes in bay-bottom velocity could potentially have any impacts to site MNA? Also, 
has the Corps evaluated possible impacts to MNA from increased shipping activity? 

• Section 4.2.2 Impacted Sediments (p.49 EIS): states that "Based on the analyses, all average 
mercwy concentrations were below the RAO of 0.25 mg/kg for critical habitats (marsh-type) and 
therefore, there should be no restrictions on the use of the dredged material." EPA is requesting 
clarification on where the Corps intends to place dredge material removed from the closed area 
and whether there will be confirmatory sampling before disposal occurs. Placement of site 
associated material outside the superfund site may invoke land disposal restrictions. 

Please let me know when you are available to discuss this further. Thanks, 

Laura Hunt, PhD 

Remedial Project Manager 

Superfund and Emergency Management Division 

U.S. EPA, Region 6 

1201 Elm Street, Suite 500 

Dallas, Texas 75270 
P: 214-665-9729 
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Message 

From: O'Sullivan, Ian P MAJ USARMY CESWG (USA) [ian.p.osullivan@usace.army.mil] 

5/31/2022 9:54:59 PM Sent: 
To: 
CC: 

Price, Lisa [Price.Lisa@epa.gov] 
Meyer, John [Meyer.John@epa.gov] 

Subject: RE: [Non-DoD Source] FW: COE workplan - follow up email - quick review input 

Ma'am, 

Thanks for sending it over. I've forwarded your note to our environmental team for their action. I'll let you know if 

anything comes out of the engagement with ASA( CW) tomorrow. 

Respectfully, 
Ian O'Sullivan 

Major, Engineer 

Deputy Commander 

Galveston District, USACE 

0: 409-766-3003 

C: 360-689-4423 

From: Price, Lisa <Price.Lisa@epa.gov> 

Sent: Tuesday, May 31, 2022 3:49 PM 

To: O'Sullivan, Ian P MAJ USARMY CESWG (USA)<ian.p.osullivan@usace.army.mil> 
Cc: Meyer, John <Meyer.John@epa.gov>; Price, Lisa <Price.Lisa@epa.gov> 

Subject: [URL Verdict: Neutral] RE: [Non-DoD Source] FW: COE workplan - follow up email - quick review input 

Major O'Sullivan, 

EPA has conducted an initial review of the USACE draft sampling plan entitled, "Conceptual Draft Sampling 
Plan for the Matagorda Ship Channel Improvement Project," and finds that the plan would not adequately 
characterize sediment in the proposed project area. The following are our initial comments: 

• The draft plan does not include enough sampling stations to adequately characterize the turning basin 
or proposed widened areas 

• We recommend that USACE evaluate/incorporate Alcoa's recent bathymetric data and determine what 
is applicable for this draft sampling plan 

• The draft plan should describe how the sampling would fit into the overall design/phase timeline of the 
entire project 

• The draft plan should define the Data Quality Objectives (DQOs) for characterizing sediment in the 
project area. The draft relies on historical data for decision making but does not include the 
uncertainties of using these datasets. Historical data was collected under different DQOs and may not 
meet all the objectives of the USACE's project. A statistical approach should be considered to 
determine the appropriate number of samples needed to define the sample population and ensure 
sediments concentrations are below the action level. Tools such as Visual Sampling Plan 
(https://www.pnnl.gov/available-technologies/visual-sample-plan-vsp-60) could inform this effort. 

Lisa Marie Price 
Acting Director 
Superfund and Emergency Management Division 
USEP A Region 6 
214.665.6744 
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From: O'Sullivan, Ian P MAJ USARMY CESWG (USA)<ian.p.osullivan@usace.army.mil> 

Sent: Wednesday, May 25, 2022 5:49 PM 
To: Price, Lisa <Price.lisa@epa.gov> 

Cc: Meyer, John <Meyer.John@epa.gov> 

Subject: RE: [Non-DoD Source] FW: COE workplan - follow up email 

Ma'am, 

Thanks for the heads up. We will absolutely do the distribution and lead messaging. Is there any way that y'all could get 
back to us by 31MAY? COL Vail has a new meeting with Mr. Connor on lJUN and we expect this to be a topic. 

On a related note, it looks like we're being sued on Matagorda Ship Channel, so we're not sure what that means for 
engaging with folks like Earthjustice since they are among the plaintiffs. We may not go down and brief the public until 

we have clarity. We will, however, continue with the agreed upon additional sampling. 

Respectfully, 
Ian O'Sullivan 

Major, Engineer 
Deputy Commander 

Galveston District, USACE 

0: 409-766-3003 

C: 360-689-4423 

From: Price, Lisa <Price.Lisa@epa.gov> 

Sent: Tuesday, May 24, 2022 4:27 PM 
To: O'Sullivan, Ian P MAJ USARMY CESWG (USA)<ian.p.osullivan@usace.army.mil> 

Cc: Meyer, John <Meyer.John@epa.gov> 

Subject: RE: [Non-DoD Source] FW: COE workplan - follow up email 

Good afternoon, Major! 

Laura Hunt is out on travel this week but we are trying to complete a quick fatal flaw review of the draft 
workplan early next week and get back to you no later than next Wednesday, 6/1. 

Since the workplan was developed by the USACE, can we assume that, once the collective "we" decide with 
whom the workplan should be distributed for community input with a reasonable timeline, you all would do 
that distribution and receive input? Of course, EPA is fully onboard with you all and will communicate that 
outwardly. Just thinking a single point of contact would ease communications. 

Much appreciated! 

Lisa Marie Price 
Acting Director 
Superfund and Emergency Management Division 
USEP A Region 6 
214.665.6744 

From: O'Sullivan, Ian P MAJ USARMY CESWG (USA)<ian.p.osullivan@usace.army.mil> 

Sent: Monday, May 23, 2022 4:36 PM 

To: Price, Lisa <Price.Lisa@epa.gov> 

Cc: Meyer, John <Meyer.John@epa.gov> 
Subject: RE: [Non-DoD Source] FW: COE workplan - received today 
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Ma'am, 

Excellent. Sounds like it was probably a case of me misunderstanding what Jeff was telling me. 

Respectfully, 
Ian O'Sullivan 

Major, Engineer 

Deputy Commander 

Galveston District, USACE 

0: 409-/66-3003 
C: 360-689-4423 ........................................... 

From: Price, Lisa <Price.Lisa@epa.gov> 
Date: Monday, May 23, 2022, 2:00 PM 
To: O'Sullivan, Ian P MAJ USARMY CESWG(USA)<ian.p.osullivan@usace.army.mil> 
Cc: Meyer, John <Meyer.John@epa.gov> 
Subject: [Non-DoD Source] FW: COE workplan - received today 

Major O'Sullivan, 

Letting you know that we received the draft workplan today. Will coordinate how to get the draft out for input. 

Lisa Marie Price 

Acting Director 

Superfund and Emergency Management Division 

USEPA Region 6 

214.665.6744 

-----Original Message-----

From: Meyer, John <Meyer.John@epa.gov> 

Sent: Monday, May 23, 2022 1:27 PM 

To: Price, Lisa <Price.Lisa@epa.gov>; Larson, Darrin <Larson.Darrin@epa.gov> 

Subject: COE work plan 

Laura confirmed she received the work plan today. 

>John C Meyer 
>Acting Deputy Director 

> Superfund and Emergency Management Division Region 6 

> 
>Cell (214) 460-5897 

> 
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Message 

From: Price, Lisa [Price.Lisa@epa.gov] 

5/31/2022 8:48:50 PM Sent: 
To: 
CC: 

O'Sullivan, Ian P MAJ USARMY CESWG (USA) [ian.p.osullivan@usace.army.mil] 
Meyer, John [Meyer.John@epa.gov]; Price, Lisa [Price.Lisa@epa.gov] 

Subject: RE: [Non-DoD Source] FW: COE workplan - follow up email - quick review input 

Major O'Sullivan, 

EPA has conducted an initial review of the USACE draft sampling plan entitled, "Conceptual Draft Sampling 
Plan for the Matagorda Ship Channel Improvement Project," and finds that the plan would not adequately 
characterize sediment in the proposed project area. The following are our initial comments: 

• The draft plan does not include enough sampling stations to adequately characterize the turning basin 
or proposed widened areas 

• We recommend that USACE evaluate/incorporate Alcoa's recent bathymetric data and determine what 
is applicable for this draft sampling plan 

• The draft plan should describe how the sampling would fit into the overall design/phase timeline of the 
entire project 

• The draft plan should define the Data Quality Objectives (DQOs) for characterizing sediment in the 
project area. The draft relies on historical data for decision making but does not include the 
uncertainties of using these datasets. Historical data was collected under different DQOs and may not 
meet all the objectives of the USACE's project. A statistical approach should be considered to 
determine the appropriate number of samples needed to define the sample population and ensure 
sediments concentrations are below the action level. Tools such as Visual Sampling Plan 
(https: //vV\Nw.pnnl.gov /available-technologies/visual-sample-plan-vsp-60) could inform this effort. 

Lisa Marie Price 
Acting Director 
Superfund and Emergency Management Division 
USEP A Region 6 
214.665.6744 

From: O'Sullivan, Ian P MAJ USARMY CESWG (USA)<ian.p.osullivan@usace.army.mil> 

Sent: Wednesday, May 25, 2022 5:49 PM 

To: Price, Lisa <Price.Lisa@epa.gov> 

Cc: Meyer, John <Meyer.John@epa.gov> 
Subject: RE: [Non-DoD Source] FW: COE workplan - follow up email 

Ma'am, 

Thanks for the heads up. We will absolutely do the distribution and lead messaging. Is there any way that y'all could get 

back to us by 31MAY? COL Vail has a new meeting with Mr. Connor on lJUN and we expect this to be a topic. 

On a related note, it looks like we're being sued on Matagorda Ship Channel, so we're not sure what that means for 
engaging with folks like Earthjustice since they are among the plaintiffs. We may not go down and brief the public until 
we have clarity. We will, however, continue with the agreed upon additional sampling. 

Respectfully, 
Ian O'Sullivan 

Major, Engineer 
Deputy Commander 
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Galveston District, USACE 

0: 409-766-3003 

C: 360-689-4423 

From: Price, Lisa <Price.Lisa@epa.gov> 

Sent: Tuesday, May 24, 2022 4:27 PM 

To: O'Sullivan, Ian P MAJ USARMY CESWG (USA)<ian.p.osullivan@usace.army.mil> 
Cc: Meyer, John <Meyer.John@epa.gov> 

Subject: RE: [Non-DoD Source] FW: COE workplan - follow up email 

Good afternoon, Major! 

Laura Hunt is out on travel this week but we are trying to complete a quick fatal flaw review of the draft 
workplan early next week and get back to you no later than next Wednesday, 6/1. 

Since the workplan was developed by the USACE, can we assume that, once the collective "we" decide with 
whom the workplan should be distributed for community input with a reasonable timeline, you all would do 
that distribution and receive input? Of course, EPA is fully onboard with you all and will communicate that 
outwardly. Just thinking a single point of contact would ease communications. 

Much appreciated! 

Lisa Marie Price 
Acting Director 
Superfund and Emergency Management Division 
USEP A Region 6 
214.665.6744 

From: O'Sullivan, Ian P MAJ USARMY CESWG (USA)<ian.p.osullivan@usace.army.mil> 

Sent: Monday, May 23, 2022 4:36 PM 

To: Price, Lisa <Price.Lisa@epa.gov> 

Cc: Meyer, John <Meyer.John@epa.gov> 

Subject: RE: [Non-DoD Source] FW: COE workplan - received today 

Ma'am, 

Excellent. Sounds like it was probably a case of me misunderstanding what Jeff was telling me. 

Respectfully, 
Ian O'Sullivan 

Major, Engineer 

Deputy Commander 

Galveston District, USACE 

0: 409-/66-3003 
C: 360-689-4423 

From: Price, Lisa <Price.Lisa@epa.gov> 
Date: Monday, May 23, 2022, 2:00 PM 
To: O'Sullivan, Ian P MAJ USARMY CESWG (USA)<ian.p.osullivan@usace.army.mil> 
Cc: Meyer, John <Meyer.John@epa.gov> 
Subject: [Non-DoD Source] FW: COE workplan - received today 
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Major O'Sullivan, 

Letting you know that we received the draft workplan today. Will coordinate how to get the draft out for input. 

Lisa Marie Price 
Acting Director 

Superfund and Emergency Management Division 

USEPA Region 6 

214.665.6744 

-----Original Message-----

From: Meyer, John <Meyer.John@epa.gov> 

Sent: Monday, May 23, 2022 1:27 PM 
To: Price, Lisa <Price.Lisa@epa.gov>; Larson, Darrin <Larson.Darrin@epa.gov> 

Subject: COE work plan 

Laura confirmed she received the work plan today. 

>John C Meyer 

>Acting Deputy Director 

> Superfund and Emergency Management Division Region 6 

> 
>Cell (214) 460-5897 

> 

ED_013073_00000110-00003 



Message 

From: 
Sent: 
To: 
Subject: 

Vail, Timothy Ross COL USARMY CESWG (USA) [Timothy.R.Vail@usace.army.mil] 
4/5/2022 8:39:36 PM 
Price, Lisa [Price.Lisa@epa.gov] 
FW: Audio and Video AND comment review 

Attachments: SWG Response Regarding the Harte Research lnstitute.docx 

Colonel Timothy R. Vail 

Commander and District Engineer 

Galveston District 

US Army Corps of Engineers 

Champions of The Coast 

email:Timothy.R.Vail(@usace.army.mil 

Office: (409)766-3001 

Cell: (409) 332-8001 

From: Vail, Timothy Ross COL USARMY CESWG (USA) 

Sent: Thursday, March 31, 2022 11:29 AM 

To: Anslow, Patricia M CIV USARMY CESWD(USA)<Patricia.M.Anslow@usace.army.mil>; Yezzi-Valentine, Lynda R CIV 

USARMY CESWG(USA)<Lynda.R.Yezzi@usace.army.mil>; Anslow, Patricia M CIV USARMY CESWD (USA) 

<patricia.m.anslow.civ@army.mil>;Williams, Kathleen A (Katie) CIV USARMY CEHQ (USA) 

<Kathleen.A.Williams@usace.army.mil> 

Cc: Ziino, Julie A CIV USARMY CESWD (USA)<Julie.Ziino@usace.army.mil>; Wegner, Maria M CIV USARMY CEHQ (USA) 

<Maria.M.Wegner@usace.army.mil> 

Subject: RE: Audio and Video AND comment review 

Ma'am, 

Going forward I want to make sure the RIT is tracking everything as it pertains to ASA questions, engagements or 

strategy to respond to letter(s) that will undoubtedly continue to come addressed to Mr. Pinkham. 

But as immediate follow up to his ask -

The specific comments made by Earth Justice and Dr. Paul Montagna's independent review of the final EIS do not 
constitute new information nor do they require a SEIS in our view. I am placing a quick bottom line upfront for each of 

the major areas in the email below and attaching a bulletized version with more detail for your review. Their comments 
focus on six major areas -

1. Circulation and salinity 

a. The H&H modeling showed negligible difference between the with and without project scenarios. We 
looked at this issue extensively and collaborated with ERDC on a state-of-the-art model to review these 

potential effects. Essentially, the ecosystem in the bas is constantly changing and any changes from this 

project would be within the normal range of what would be seen with or without the project. 

2. Effects to groundwater 
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a. We looked at this issue in the 2019 IFR-EIS. The aquifer that is linked to groundwater consumption is 
~700 ft below the surface. We are still confident in the conclusions of the EIS that this project would not 

affect groundwater adversely. 

3. Direct impacts to ecological resources 

a. We analyzed this in the feasibility study using the best available information and committed to doing 

updated surveys in PED. Those surveys are ongoing currently. Our feasibility estimate was that we would 
impact approximately 130 acres of oyster reef. To date, we don't have any reason to suggest that there 

will be any changes. We did account for any changes with a 25% contingency in case something did 

occur. 

4. Indirect impacts to ecological resources from turbidity 

a. ERDC did a study that showed that the effects of dredging have and impact to water turbidity for a short 
duration (1- 24 hours). That duration means that any indirect impacts would be negligible because the 

duration is so short and limited to only when a dredge is working in that area. 

5. Mobilization of mercury from dredging 
a. We continue to work with EPA on a sediment analysis plan. We've completed a first round of sampling 

and the preliminary data showed no exceedance. We are still waiting on the bioassays. We are also 

coordinating with the EPA on a second round of sediment sampling, the results of which will be used to 

inform our course of action moving forward. 

6. Mobilization of plastic and microplastic pollution from dredging 
a. This was considered in the IFR-EIS. There is a Formosa waste site that is being monitored by the EPA. 

There haven't been any samples that show issues in the port area or channel. We work with the EPA on 

our sampling plan to look for a large number of potential contaminants and our preliminary results do 

not show any exceedances for any contaminant. 

Colonel Timothy R. Vail 

Commander and District Engineer 

Galveston District 

US Army Corps of Engineers 

Champions of The Coast 

email:Timothy.R.V2il@us2ce.arrny.mil 

Office: (409)766-3001 
Cell: (409) 332-8001 

From: Anslow, Patricia M CIV USARMY CESWD (USA) <P..?..tr..L;;.L?.:.M.:.AD.?.!.9.W.@.!:!.?.?..;;.Q_,_?.f..!JJY,.IT.L\!.> 
Sent: Monday, March 21, 2022 8:43 AM 

To: Vail, Timothy Ross COL USARMY CESWG(USA)<Timothy.R.V2il@us2ce.army.mil>; Yezzi-Valentine, Lynda R CIV 

USARMY CESWG (USA) <.~Y..D.El.? ... JLY~_;_;J@ .. ~L~.<?!.~.©. ... ?..t:ETI.Y.:.m!J>; Anslow, Patricia M CIV USARMY CESWD (USA) 
<patricia.n-1.anslow.civ@armv.mil> 

Cc: Ziino, Julie A CIV USARMY CESWD (USA)<JulieJiino@usace.arrny.mil>; Wegner, Maria M CIV USARMY CEHQ (USA) 

<.MEl.f.i.?..,.M. ... W.?.RD.~.r.@ .. ~L~?..~.& ... ?..f..IJJ.Y..,m!.!> 
Subject: Audio and Video AND comment review 

COL Vail and Lynda, 

Two quick trip follow-ups. 
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1) Lynda did you find out who was the man video tapping during our boat trip? Were you able to ensure all video is 

deleted since we did not give permission for anyone to video us. Please remember Dr. Nance was adamant she did not 

want anyone to have video of her and wanted feedback on outcome our research. 

2) Lynda can you please email my ASA( CW) email photos that you took of Mr. Pinkham's visit. We will do a tweet. And 

let me know if you posted any press so that we can continue to message the same things. 

COL Vail, 

Please remember Mr. Pinkham asked for some analysis regarding the Earth Justice and Dr. Paul Montagna independent 

review of the final EIS. Would you please list the major concerns and provide your analysis of whether it is new 

information or not, and where previously addressed in the FEIS. This will provide confidence that we have addressed 

their concerns. 

With that list include ongoing work in PED to accurate reflect any mitigation requirements. If our mitigation is larger 

then originally documented, we want to strategize on how to disclose that information. Keeping everyone informed and 

involved is the key. 

Thanks, 

Trish 

469-545-2437 (cell) 
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USACE initial discussion on the Harte Research lnstitute's review (Montagna et 
al. 2021) of the Galveston District's 2019 2019 IFR-EIS. 

The numbered comments are the primary concern topics identified in Montagna et al. 
2021, followed by PDT discussion. 

1) Circulation and storm surge changes due to changing the bathymetry of 
Matagorda and Lavaca Bays due to deepening the channel and placement of 
dredge spoil parallel to the channel, which will funnel tidal movement along the 
axis of the bay and restrict mixing perpendicular to the channel. 

USAGE Response: The concerns discussed in the Harte report were reviewed, 
the report did not provided a review of the modeling done by USAGE in the 2019 
IFR-EIS and did not conduct any additional modeling. The Harte report also 
provided limited context to their conclusions on the review of the modeling 
results. The USAGE assessment of ecological effects of the with project scenario 
using the CMS model considered episodic probability, duration, and extent. The 
overwhelming conclusion is that the average day to day conditions would be very 
similar for the with and without project scenarios. 

• A coupled 2D CMS model was used to model physical processes such as 
water surface elevation (WSE), current and salinity to calculate the circulation 
and salinity change (Lin et al. 2018). The model was calibrated and validated 
against observed data and deemed to be adequate due to significantly high 
correlation coefficients (>0.7). Model was evaluated on multiple forcing 
ranging from day to day circulation to more severe conditions such as 
hurricane Harvey and Rita as well as changed bathymetric conditions to 
represent project deepening. Due to deepening, it is expected that the 
currents along and near the Matagorda Ship Channel would be slightly 
stronger with the project than without the project scenarios, but the difference 
in average current speeds and salinity are nominal such that with project 
conditions would not change the health and ecology of the bay. Similar results 
were also obtained in other channel deepening projects such as Houston 
Ship Channel and Corpus Christi Channel deepening projects using different 
suites of 2D and 3D models. As such, current results (Lin et al. 2018) to 
demonstrate the changes in circulation due to MSC channel deepening are 
reasonable. 

2) Salinity changes due to the circulation changes and connecting with the 
puncturing of the groundwater lens beneath the bay. 

USAGE Response: The concerns identified by the researchers were considered 
in the 2019 IFR-EIS. The with project scenario when compared to the without 
project scenario was determined to have minimal risk of adverse impacts. The 
Harte report does not discuss likelihood or refute the conclusions of the 2019 
IFR-EIS in this instance. 
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• Three groundwater lenses at the ALCOA site are identified in the Harte report 
as Zone A, B, and C. The Harte report identifies these lenses as confined 
aquifers, and should not be mistaken for the Gulf Coast Aquifer (GCA) system 
that is comprised of several aquifers. The Harte report identifies Zone A as 
discharging at the shoreline and is not under project area, while Zone B 
discharges into the bay and is intercepted by the existing ship channel and 
turning basin. Zone C, according to the Harte report, would not be intercepted 
by the planned dredging although there is a concern that a thinner clay cover 
over this lens could potentially allow groundwater seepage into bay. There is 
no additional information provided as to the likelihood that this risk would 
occur. Moreover, the Harte report states that, hypothetically, cyclic periods of 
dry/wet weather events could induce inflow from the bay leading to salt water 
intrusion into the confined lens identified as Zone C. This risk is not posed to 
the GCA but to the confined lens only. Section 4.3 of Appendix B entitled 
"Ground Water Hydrology" discusses potential impacts to ground water from 
both construction (dredging) and operation of the ship channel, and best 
management practices (BMPs) and Spill Response Plans to address potential 
impacts that must "conform to must conform to standards set by Research 
and Special Programs Administration (RSPA) of the DOT and the 
International Maritime Organization (IMO)." 

• The effects of salinity increase on wetlands and sea grasses are discussed in 
the 2019 IFR-EIS. The modeling predicted a negligible change in salinity, not 
enough to effect wetland communities or SAVs. The effects of salinity 
increase on oyster reef is also discussed and modeled in the report. Similarly, 
the report found that while the small increase in salinity (less than 1 part per 
thousand) expected in the vicinity of the channel, other factors effected 
oysters in the study area including temperature, storms, and harvest 
activities. 

3) Placement of dredge spoil could smother benthic habitats, such as oysters, 
seagrasses, or muddy bay bottoms and affect forage for desirable fish species. 

USAGE Response: The potential for dredge material to smother benthic habitats 
was fully assessed in the 2019 IFR-EIS. The risks to the habitats listed above 
from the proposed work were determined to be temporary and minor except for 
the impacts to oysters which is why the compensatory mitigation plan was 
formulated. The Harte report show that some overlap of seagrasses identified in 
2007 with the O&M placement areas adjacent to Powderhorn Ranch (OPs 2-5). 
We are currently coordinating with TPWD and the GLO in adjustments to those 
placement areas to synchronize with the TPWD shoreline management plan for 
Powderhorn Ranch. 

• The 2019 IFR-EIS used available data to estimate 130 acres of impacts to 
oyster reefs, included a mitigation plan to offset those unavoidable impacts, 
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and committed to conducting an oyster survey in PED to verify the impact 
estimates. 

• The oyster survey is underway with results anticipated in August 2022. 

• An analysis of impacts to seagrasses was included in the 2019 IFR-EIS. 
Publicly available data from TPWD and NOAA was used to assess impacts. 
No direct impacts to seagrasses were identified from dredging or the 
placement of dredge material and indirect impacts were not expected 
because the channel and placement areas are a considerable distance from 
known seagrass populations. 

• An assessment of "muddy bay bottom" was also included in the EIS. The 
project does not cause the permanent loss of "muddy bay bottom," only 
modifications to substrate depth from dredging and dredge placement and 
temporary disturbance during construction and OM. By moving the placement 
areas from the east side of the channel to the west side of the channel, the 
net disturbances expected from O&M activities would be nearly the same as 
the without project scenario. Recolonization of disturbed "muddy bay bottom" 
is expected to occur as some species can migrate vertically and others re
recruit as larva and motile species. 

4) Effects to primary producers or bottom dwelling organisms due to an increase 
in turbidity during the actual dredging. 

USAGE Response: USAGE concurs with the findings that long term increases in 
turbidities would likely harm primary producers (e.g. phytoplankton and 
seagrasses). However, the effects of the project on turbidity have been 
determined to be very short lived and minor in nature. The 2019 IFR-EIS and 
corresponding TCEQ Section 401 Water Quality Certificate concur with the 
finding. 

• The use of hydraulic/cutterhead dredges in the bay within bay unconfined 
disposal would only have impacts to turbidity for less than one day after 
dredging is completed (see Teeter et al. 2003). With the exception of the new 
work to deepen and widen the channel, the extent and duration of future 
maintenance activities is expected to be similar for the with and without 
project scenarios. 

• The nature of dredge work to move along the channel means that these 
temporary impacts are seen in a small area and only while the dredge is in 
that vicinity of the channel. 

5) Mobilization of mercury by the dredging because there are considerable 
amounts of mercury in sediments of the bay. 

USAGE Response: 
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• In the 2019 IFR-EIS we commitment to developing a sediment testing plan 
with the EPA, performing the testing, and coordinating the results of the 
testing with the EPA to ensure the proposed dredging is consistent with 
sediment testing and handling requirements. 

• Coordination with the EPA is ongoing, and the first round of sampling has 
been completed. Final results from this first round of sampling are anticipated 
this summer. Preliminary results from the sampling 

6) Plastic and microplastics interactions with sediments, turbidity, and other 
pollutants. 

USAGE Response: Concerns over the presence of plastics and pollution is 
discussed in the IFR-EIS. The effects of plastic and micro plastics on living 
system is just beginning to be investigated and understood. The Harte report 
states that interactions between different these specific types of pollution are 
currently poorly understood. The USAGE is in support of the research efforts 
being undertaken by the Harte Institute, but the Harte report does not clearly 
identify any known adverse impacts related to the project that would occur with 
any certainty. 

• Section 5.3.3 of Appendix B discusses environmental issues associated with 
Fomosa Plastics Corporation in Point Comfort, TX. A part of the Corrective 
Action Strategy under an EPA enforcement order (1991) includes a 
monitoring program that includes sediment and water monitoring in the bay. 
No adverse impacts to the health or structure of the biological community, nor 
have impacts been noted in the water and sediment quality of Lavaca Bay in 
the vicinity of the discharge outfall since discharges began. 

Oyster mitigation: 

The 2019 IFR-EIS: 

• The mitigation plan in the Galveston District's 2019 Integrated Feasibility 
Report and Environmental Impact Statement (2019 IFR-EIS) was developed 
through collaboration with State and Federal resource agencies (TPWD, 
USFWS, NMFS, EPA, TCEQ, and the TXGLO). 

• An estimate of the expected impacts was developed using past survey data 
and GIS software. The PDT's decision to conduct updated oyster surveys in 
PED to ensure the proposed mitigation accounts for an accurate acreage of 
impact is documented in the IFR-EIS. 

• The American Oyster HSI model (Swannack et al, 2014) was used to quantify 
the loss of functional value of oyster reef habitats impacted by the 
recommended project. 

• The feasibility analysis identified 129.2 acres of impact and required 130 
acres of compensatory mitigation. 
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PED Activities 

• The Galveston District entered into a Cooperative Agreement with Texas 
A&M University at Galveston to perform the updated oyster survey. The 
period of performance start date is 24 January 2022. 

• The survey protocol was developed through collaboration with the State and 
Federal resource agencies (TPWD, USFWS, NMFS, EPA, TCEQ, and the 
TXGLO) but was primarily based on traditional TPWD standard survey 
methods. 

• Preliminary oyster survey results are expected to the PDT in August 2022 
with final report delivery in January 2023. 

• The results of the oyster survey will be coordinated with the resource 
agencies and GIS software will again be used to determine impacts. Any 
adjustments to the mitigation acreage will be used to update the ecological 
modeling. 

• The Primary Investigators on the Cooperative Agreement will provide input on 
mitigation site selection which will be used to screen and select mitigation 
locations in the bay. 

Construction: 

• Contract 4 will run concurrently with the first construction contract in the bay, 
cultch material will be placed within the designated mitigation areas to 
establish suitable substrate for oyster settlement. 

• Monitoring will then be conducted incrementally to ensure mitigation success 
criteria are met. 
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